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FORMIHO A WBLLBORE CASING BY BXPANSION OP A TUBULAR 



MEMBER 



Background of the Invention 

This invention relates generally to wellbore casings, and 
5 in particular to wellbore casings that are formed using 
expandabl e t ubi ng . 

Conventionally, when a wellbore is created, a number of 
casings are installed in the borehole to prevent collapse of 
the borehole wall and to prevent undesired outflow of drilling 
10 fluid into the formation or inflow of fluid from the formation 
into the borehole. The borehole is drilled in intervals 
whereby a casing which is to be installed in a lower borehole 
interval is lowered through a previously installed casing of 
an upper borehole interval. As a consequence of this 
15 procedure the casing of the lower interval is- of smaller 
diameter than the casing of the upper interval. Thus, the 
casings are in a nested arrangement with casing diameters 
decreasing in downward direction. Cement annuli are provided 
between the outer surfaces of the casings and the borehole 
20 wall to seal the casings from the borehole wall. As a 
consequence of this nested arrangement a relatively large 
borehole diameter is required at the upper part of the 
(wellbore. Such a large borehole diameter involves increased 
costs due to heavy casing handling equipment, large drill bits 
25 and increased volumes of drilling fluid and drill cuttings. 
Moreover, increased drilling rig time is involved due to 
required cement pumping, cement hardening, required equipment 
changes due to large variations in hole diameters drilled in 
the course of the well, and the large volume of cuttings 
30 drilled and removed. 

The present invention is directed to overcoming one or 
n«re of the limitations of the existing procedures for forming 
new sections of casing in a wellbore. 
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Summary of the Invention 

According to one aspect of the present invention, there 
is provided a method of creating a casing in a borehole 
located in a subterranean formation, conprising: installing a 
5 tubular liner and a mandrel in the borehole; injecting a 
fluidic material into the borehole; injecting the fluidic 
material through the mandrel; pressurizing a portion of an 
interior region of the tubular liner below the mandrel; and 
radially expanding at least a portion of the tubular liner in 
10 the borehole by extruding at least a portion of the tubular 
liner off of the mandrel. 

According to another aspect of the present invention, 
there is provided a method of creating a casing in a borehole 
located in a section of a subterranean formation, the borehole 
15 having an already existing casing, comprising: drilling out a 
new section of the borehole adjacent to the already existing 
casing; placing a tubular liner and an expandable mandrel into 
the new section of the borehole; overlapping the tubular liner 
with the already existing casing; injecting a hardenable 
20 fluidic sealing material into an annular region between the 
tubular liner and the new section of the borehole; fluidicly 
isolating the annular region between the tubular liner and the 
new section of the borehole from an interior region of the 
tubular liner below the mandrel; injecting a non hardenable 
25 fluidic material into the interior region of the tubular liner 
below the mandrel; extruding the tubular liner off of the 
expandable mandrel; sealing the overlap between the tubular 
liner and the already existing casing; supporting the tubular 
liner with the overlap with the already existing casing; 
30 removing the mandrel from the borehole; testing the integrity 
of the seal of the overlap between the tubular liner and the 
already existing casing; removing at least a portion of the 
hardenable fluidic sealing material from the interior of the 
tubular liner; curing the remaining portions of the hardenable 



fluidic sealing material; and removing at: least a portion of 
the cured hardenable fluidic sealing material within the 
tubular liner. 

According to another aspect of the present invention, 
5 there is provided an apparatus 

comprising: a support member, the support member including a 
first fluid passage; a mandrel coupled to the support member, 
the mandrel including: a second fluid passage; a tubular 
member coupled to the mandrel; and a shoe coupled to the 

10 tubular member, the shoe including a third fluid passage; 
wherein the first, second and third fluid passages are 
operably coupled. 

According to another aspect of the present invention, 
there is provided an apparatus 

15 comprising: a support member, the support member including: a 
first fluid passage; a second fluid passage; and a flow 
control valve coupled to the first and second fluid passages; 
an expandable mandrel coupled to the support member, the 
expandable mandrel including a third fluid passage coupled to 

20 the first fluid passage; a tubular member coupled to the 
mandrel, the tubular member including one or more sealing 
elements; a shoe coupled to the tubular member, the shoe 
including: a fourth fluid passage coupled to the third fluid 
passage, the fourth fluid passage adapted to receive a stop 

25 member; and one or more exhaust passages coupled to the fourth 
fluid passage for injecting fluidic material outside of the 
shoe; and at least one sealing member coupled to the support 
member, the sealing member adapted to prevent the entry of 
foreign material into an interior region of the tubular 

30 member. 

According to another aspect of the present invention, 
there is provided a method of joining a second tubular member 
to a first tubular member, the first tubular member having an 
inner diameter greater than an outer diameter of the second 



tiibular member, comprising: positioning a mandrel within an 
interior region of the second tubular member; pressurizing a 
portion of the interior region of the second tubular member 
below the mandrel by injecting a fluidic material into the 
5 second tubular member through the mandrel; and extruding the 
second tubular member off of the mandrel into engagement with 
the first tubular member. 

According to another aspect of the present invention, 
there is provided an apparatus 

10 comprising: a support member including a first fluid passage; 
a mandrel coupled to the support member, the mandrel 
including: a second fluid passage operably coupled to the 
first fluid passage; an interior portion; and an exterior 
portion; wherein the interior portion of the mandrel is 

15 drillable; an expandable tubular member coupled to the 
mandrel; and a shoe coupled to the tubular member, the shoe 
including: a third fluid passage opercdsly coupled to the 
second fluid passage; an interior portion; and axi exterior 
portion; wherein the interior portion of the shoe is 

20 drillable. 

According to another aspect of the present invention, 
there is provided an apparatus 

comprising: a support member defining a first fluid passage; 
an expansion mandrel coupled to the support member including 

25 an outer expansion surface and defining a second fluid 
passage; a tubular liner coupled to the expansion mandrel; and 
a shoe coupled to the tubular liner defining a third fluid 
passage; wherein the first, second and third fluid passages 
are operably coupled; and wherein the interface between the 

30 tubular liner and the expansion mandrel is not fluid tight. 

According to another aspect of the present invention, 
there is provided an apparatus 

comprising: a support member defining a first fluid passage; 
an expansion mandrel coupled to the support member including 



an outer expansion siirface and defining a second fluid 
passage; a tubular liner coupled to the expansion mandrel; a 
shoe coupled to the tubular liner defining a third fluid 
passage; and a packer coupled to the shoe; wherein the first, 
5 second and third fluid passages are operably coupled • 

According to another aspect of the present invention, 
there is provided an apparatus 

comprising: a support member defining a first fluid passage; 
an expansion mandrel coupled to the support member including 

10 an outer expansion surface and defining a second fluid 
passage; a tubular liner coupled to the expansion mandrel; and 
a shoe coupled to the tubular liner defining a third fluid 
passage; wherein the first, second and third fluid passages 
are operably coupled; and wherein the third fluid passage 

15 defined by the shoe comprises one or more radial passages. 

According to another aspect of the present invention, 
there is provided an apparatus 

comprising: a support member defining a first fluid passage; 
an expansion mandrel coupled to the support member including 

20 an outer expansion surface and defining a second fluid 
passage; a tubular liner coupled to the expansion mandrel; and 
a shoe coupled to the tubular liner defining a third fluid 
passage; wherein the first, second and third fluid passages 
are operably coupled; and wherein the wall thickness of a 

25 portion of the tubular liner above the eaqpansion surface of 
the expansion mandrel is greater than a wall thickness of a 
portion of the tubular liner below the expansion surface of 
the expansion mandrel . 

30 Brief Dascription of the Drawings 

Fig. 1 is a fragmentary cross -sectional view illustrating 
the drilling of a new section of a well borehole. 



rxg. 2 is a fragmentary cross -sectional view illustrating 
the placement of an embodiment of an apparatus for creating a 
casing within the new section of the well borehole. 

Pig. 3 is a fragmentary cross-sectional view illustrating 
5 the injection of a first quantity of a hardenable fluidic 
sealing material into the new section of the well borehole. 

Fig. 3a is another fragmentary cross-sectional view 
illustrating the injection of a first quantity of a hardenable 
fluidic sealing material into the new section of the well 
10 borehole. 

Fig. 4 is a fragmentary cross- sectional view illustrating 
the injection of a second quantity of a hardenable fluidic 
sealing material into the new section of the well borehole. 
Fig. 5 is a fragmentary cross- sectional view illustrating 
15 the drilling out of a portion of the cured hardenable fluidic 
sealing material from the new section of the well borehole. 

Fig. 6 is a cross-sectional view of an overlapping joint 
between adjacent tubular members which can be utilised in 
apparatus of the present invention. 
20 Fig. 7 is a fragmentary cross -sectional view of a 

preferred embodiment of the apparatus for creating a casing 
within a well borehole. 

Fig. 8 is a fragmentary cross -sectional illustration of 
the placement of an expanded tubular member within another 
25 tubular member. 

Fig. 9 is a cross-sectional illustration of a preferred 
embodiment of an apparatus for forming a casing including a 
drillable mandrel and shoe. 

Fig. 9a is another cross -sectional illustration of the 
30 apparatus of Pig , 9 . 

Fig. 9b is another cross -sectional illustration of the 
apparatus of Fig. 9. 

Fig. 9c is another cross -sectional illustration of the 
apparatus of Fig. 9. 
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Detailed Draet^tioii of the ninstrative Embodiments 
An apparatus and method for fonning a wellbore casing within a 
subterranean formation is provided. The apparatus and method permits a 
wellbore casing to be formed in a subterranean formation by placing a tubular 
5 member and a mandrel in a new section of a wellbore, and then extruding the 
tubular member off of the mandrel by pressurizing an interior portion of the 
tubular member. The apparatus and method further permits adjacent tubular 
members in the wellbore to be joined \ising an ovrarl{q}ping joint that prevents fluid 
and or gas passage. The apparatus and method ftirther permits a new tubular 

10 member to be supported by an existing tubular member by expanding the new 
tubular member into engagement with the existing tubular member. The 
apparatus and method further minimizes the reduction in the hole size of the 
weUbore casing necessitated by the addition of new sections of wellbore casing. 
An apparatus and method for forming a tie-back liner using an expandable 

15 tubular member is also provided. The apparatus and method permits a tie-back 
liner to be created by extruding a tubular member ofTof a mandrel by pressurizing 
and interior portion of the tubular member. In this manner, a tie-back liner is 
produced. The apparatus and method further permits adjacent tubular members 
in the wellbore to be joined using an overlappmg joint that prevents fluid and/or 

20 gas passage. The apparatus and method further permits a new tubular member 
to be supported by an existing tubular member by expanding the new tubular 
member into oigagement with the existing tabular monber. 

An apparatus and method for expandingatubular member is also provided 
thatinchideBanexpandabletubularmember.mandrelandashoe. Inapreferred 
25 embodiment, the interior portions of the apparatus is composed of materials that 

permit theinteriorportionsto be removeduBingaconventionaldrillingapparatus. 
In this manner, in the event of a malfunction in adownhole region, the apparatus 
may be eaaly removed. 

An apparatus and method for hanging an expandable tubular Imer in a 
30 wellbore is also provided. The apparatus and method permit a tubular liner to be 
attached to an existing section of casing. The apparatus and method farther have 
appUcation to the joinmg of tubular members in general. 



Referrix^initially to FigB.1.5.anembodixnentof an apparatus and m 
for forming a wellbore casing within a subterranean formation will now be 
described. As illustrated in Fig. 1. a weUbore 100 is positioned in a subterranean 
fonnation 105. The weUbore 100 includes an existing cased section 1 10 having a 
5 tubular casing 116 and an annular outer layer of cement 120. 

In order to extend the wellbore 100 into the subterranean formation 105 
a drill string 125 is used in a weU known mam»er to drill out material ftt>m the' 
subterranean formation 106 to form a new section 130. 

As illustrated in Fig. 2, an appawtus 200 for forming a wellbore casing in 
10 asubterraneanfonaationisihenpositionedinthenewsection 130of the weUbore 
100. Theapparatu8200preferablyinchide8ane,pandablemandrelorpig205 a 
tubular member 210. a shoe 215. a lower cup seal 220. an upper cup seal 225 ' a 

fluidpassage230.anuidpassage235.anuidpassage240.seals245.andas„pport 
member 250. 

IS 'r*«'^>««W'te"«»d"l 205 ««mpled to and supported by ftes^^^ 

m«nb.r250. lT>e -pand.bte n^, 205 is prefe^bly adapted to cntrolU,!, 
expa,.dinar«li.ldir«*ion. The «^dable mandrel 205 may comprise am, 

number of conventional commercially av.il.ble«,,«rfabIemandrelsmodif,ed in 
accordance with the teaching, of the present disclosure. In . prrferred 

20 -'>«<to.nt,thee.p.ndablemand^205compnsesahydra„licexp.n«^ 

disclosed in U.S. Patent No. 5.348,095, the „n.ent, of which are incorporated 
herem by reference, modified in acordm™ with the teachings of the present 

oisclosure. 

'*»'^»«»«»'210i.«pportedbythecxpandablemandrel206 The 
25 tubular member m i. in the radial direction and e«ruded offof the 

«P»d*l. numdr.1 205. Tie tubular member 210 may be fabricated ft«n ^ 

WaeldCountor'M.ular Goods (OCTG), 13 cb^mium steel tubing/casing or 

30 ^"^^"^"^ ^ ^bodimen, the mbular member 2l'o is 

30 '^nc.tedfromOCTGinorder.oma^misestrengthaftere.pansion. ITieinner 
and omer dian>e,c oru,c ,„bul^ „,emb.r 210 may range, for example, ftom 

approximately 1.905 «> 119.38 cms (0.75 lo 47 inches) and 2.M710 121.92 cms 
(1.05 lo 48 indies), respeclively. b a prefened 



embodiment, the inner and outer diameters of the tubularniember 2 1 6 range 
from about 7.62 to 39.37 cms (3 to 15.5 inches) and 8.89 to 40.64 cms (3.5 to 16 
inches), respectively in order to optimally provide minimal telescoping effect in 
the most commonly drilled wellbore sizes. The tubular member 210 preferably 
comprises a solid member. 

In a preferred embodiment, the end portion 260 of the tubular member 
210 is slotted, perforated, or otherwise modified to catch or slow down the 
mandrel 205 when It completes the extrusion of tubular member 210. In a 
preferred embodiment, the length of the tubular member 210 is limited to 
minimize the possibility of buckling. For typical tubular member 2 1 0 materials, 
the length of the tubular member 210 is preferably limited to between about 
12.192 to 6096m (40 to 20,000 feet) in length. 

The shoe 215 is coupled to the expandable mandrel 205 and the tubular 
member 210. The shoe 215 includes fluid passage 240. The shoe 215 may 
comprise any number of conventional commercially available shoes such as, for 
example, Super Seal II float shoe, Super Seal II Down-Jet float shoe or a guide 
shoe with a sealing sleeve for a latch down plug modified in accordance with 
the teachings of the present disclosure. In a prefened embodiment, the shoe 
2 1 5 comprises an aluminum down-jet guide shoe with a sealing sleeve for a 
latch-down plug available from Halliburton Energy Services in Dallas, TX, 
modified in accordance with the teachings of the present disclosure. In order to 
opUmally guide the tubular member 210 in the wellbore, optimally provide an 
adequate seal between the interior and exterior diameters of the overiapping 
joint between the tubular members, and to optimally aUow the complete drill 
out of the shoe and plug afler the completion of the cementing and expansion 
operations. 

In a prefened embodiment, the shoe 215 Includes one or more through 
and side ouUet ports in fluidic communication with the fluid passage 240. In tills 
manner, ttie shoe 215 optimally injects hardenable fluidic sealing material Into 
the region outside tiie shoe 215 and tubular member 210. In a preferred 
embodiment, the shoe 215 includes tiie fluid passage 240 having an inlet 
geometiy tiiat can receive a dart and/or a ball sealing member. In tius manner, 
ttie fluid passage 240 can be opUmally sealed off by Introducing a plug, dart 
and/or ball sealing elements into tfie fluid passage 230. 
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The lower cup seal 220 is coupled to and supported by the support member 
250. The lower cup seal 220 prevents foreign materials from entering the interior 
region of the tubular member 210 adjacent to the expandable mandrel 205. The 
lower cup seal 220 may comprise any number of conventional commemally 
6 available cup seals such as. for example. TP cups, or Selective Injection Packer 
(SIP) cups modified in accordance with the teachings of the present disclosure. In 
apreferred embodiment, the lower cup seal220 comprisesaSIP cup seal, available 

fh>m Halliburton Energy Services in Dallas. TX in order tooptimallyblockforeign 
material and contain a body of lubricant 

10 Th«"PP«'<«P«eal225i8coupledtoandsupportedbythesuppori.member 
250. Theupper cup seal 225prevent8 foreign materialsfromenteringthe interior 
region of the tubular member 210. The upper cup seal 225 may comprise any 

number of conventionalcommerdallyavailable cup seals such as.forexample TP 
cups or SIP cups modified in accordance with the teachings of the pre^nt 
16 disclosure. In a preferred embodiment, the upper cup seal 225 comprises a SIP 

cup.availableWHamburtonEnergyService8inDallas,TXinordertooptimaUy 
block the entry of foreign materials and contain a body of lubricant 

The fluid passage 230 permits fluidic materials to be transported to and 

f--theinteriorregionofthetubularmember210belowtteexpandablemandrel 
20 205. The fluid passage 230 is coupled to and positioned within the support 

member 250 and the expandable mandrel 205. The fluid passage 230 preferably 
extends from a position ac^acent to the surface to the bottom of the expandable 

mand«1206. fluid passage 230 is preferab^ positioned along a centerhne of 
the apparatus 200. 

25 n,e fluid passage 230 is preferably selected, in the casing running mode of operation to 

muisport „»terials such as drilling mud or formation fluids at flow rates and pressures ranging 
from about 0 to 11356.2355 Iitr«^minute (0 to 3.000 gallons/minute) and 0 to 620.52813 bar (0 
to 9.000 ps.) in order to minimize drag on the tubular member being run and to minimize surge 
Fissures exerted on the wellbore which could cause a loss of wellbore fluids and lead to hole 
collapse. 

'niefluidpassage235pennitsfluidicmaterialstobereleasedfix,mthefluid 
passage 230. In this manner, during placement of the apparatus 200 within the 

l( 
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new section 130 of the wellbore 100, fluidic materials 255 forced up the fluid 
passage 230 can be released mto the weUbore 100 above the tubular member 210 

thereby minimizingsurgepressureson the weUbore section 130. The fluid passage 
235 is coupled to and positioned within the support member 250. The fluid 
5 passage is further fluidicly coupled to the fluid passage 230. 

The fluid passage 235 preferably includes a control valve for controUably 
opening and closingthefluidpassage 235. In a preferred embodiment, the control 
valveiapressur«activatedinordertocontrolIablyminimizesurgepressures. The 

fluidpassage235i8preferablypositionedsubstantia%orthogonaltothecenterline 
10 of the apparatus 200. 

The fluid passage 235 is preferably selected to convey fluidic materials at flow 
rates and pressures ranging from about 0 to 11356.2355 litres/minute (0 to 3,000 
gallons/minute) and 0 to 620.52813 bar (0 to 9,000 psi) in order to reduce the drag on the 
apparatus 200 during insertion into the new section 130 of the wellbore 100 and to 
15 minimize surge pressures on the new wellbore section 130. 

The fluid passage 240 permits fluidic materials to be transported to and 
from the region exterior to the tubular member 210 and shoe 216. The fluid 
passage 240 is coupled to and positioned within the shoe 215 in fluidic 
communication with the interior region of the tubular member 210 below the 
20 expandable mandrel 205. The fluid passage 240 preferably has a cross-sectional 
shape thatpermitsaplug. or other similar device, to be placed in fluid passage 240 
to thereby blockfortherpaasageoffluidic materials. In this manner, ti.e interior 
region of the tubular member 210 below the expandable mandrel 205 can be 

fluidiclyisolat«dfl:omtheregionexteriortothetubularmember2l0. ITuspennits 

25 theinteriorregionof the tubular member210belowthe expandable mandrel 205 
to be pressurized. The fluid passage 240 is preferably positioned substantially 
along the centerline of the apparatus 200. 

The fluid passage 240 is preferably selected to convey materials such as 
cement, driUmg mud or epoxies at flow rates and pressures ranging from about 0 to 

30 1 1356.2355 litres/minute (0 to 3.000 gaUons/minute) and 0 to 620.52813 bar (0 to 9 000 
ps.) m order to optimally fill the amiular region between the tubular member 210 ani the 
new section 130 of the wellbore 100 with fluidic materials. In a preferred embodiment, 
the fluid passage 240 

-a- 
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includes an inlet geometry that can receive a dart and/or a baU sealing member 
In this manner, the Huid passage 240 can be sealed off by introducing a plug, dart 
and/or ball sealing elements into the fluid passage 230. 

The seals 245 are coupled to and supported by an end portion 260 of the 
5 tubularmember210. The seals 245 are further positioned on an outer surface 265 
of the end portion 260 of the tubular member 210. The seals 245 permit the 
overlappingjoint between the end portion 270 of the casing 115 and the portion 
260ofthetubularmember2l0tobefluidiclysealed. The seals 245 may comprise 
any number of conventional commercially available seals such as for example 
10 »«^™bber.Teflo„™.orepoxys<«lsmodifiedinaccorda„cewiththetcac^^^^ 

the presentdisclosure.Inap,eferred embodiment, the seals 245 aremolded from 

Stratalockepo:^availablefromHamburtonEnergyServicesinDallas.TXinorder 
to optimally provide a load bearing interference fit between the end 260 of the 
tubular member 210 and the end 270 of the existing casing 115. 
15 In a preferred embodiment, the seals 245 are selected to optimaUy provide 

asufficientfrictional force to support theexpanded tubular member 210from the 
existing casing 115. In a preferred embodiment, the frictional force optimally 
prov,dcd by the seais 245 ranges fro. about 68.94757 to 68.947.57 bar (..000 to 
1.000.000 Ibf) in order to optimally support the expanded tubular member 210. 

20 Thesupportmember250iscoupledtotheexpandablemandrel205,tubular 
member 210. shoe 215. and seals 220 and 225. The support member 250 
prefe«bly comprises an annular member having sufficient strength to cany the 
apparatus 200 into the new section 130 of the weUbore 100. In a preferred 

embodiment, the support member 26DfUrtherincludesoneor more convention 
25 centralizers (not iUustrated) to help stabilise the apparatus 200. 

In a preferred embodiment, a quantity of lubricant 275 is provided in the 
annular region above the expandable mandrel 205 within the interior of the 

tubularmember210.Iathismanner.theextrusionofthetubularmember210off 
oftheexpandablemandrel205isfacilitated. Il^e lubricant 276 may comprise any 
30 number of conventional commerciaUy available lubricante such as. for example 
Lubnplate™. chlorine based lubricants, oil based lubricants or Climax 1 500 Antisieze 
(3100). In a preferred embodiment, the hibricant 275 comprises Climax 1500 
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Antisieze (3100) available ftom Climax Lubricants and Equipment Co. in Houston. 
TX in order to optimally provide optimum lubrication to faciliate the expansion 
process. 

In a preferred embodiment, the support member 250 is thoroughly cleaned 
6 Priortoassemblytotheremainingportion8oftheapparatus200. In this manner, 
the introduction of foreign material into the apparatus 200 is minimized. Thii 

minimizes thepossibiUtyofforeignmaterialcloggingthevariousflowpassagBsand 
valves of the apparatus 200. 

In a preferred embodiment, before or after positioning the apparatus 200 
10 within the new section 130 of the wellbore 100. a couple of wellbore volumes are 
circulated in order to ensure that no foreign materials are located within the 
wellbore 100 that might dog up the various flow passages and valves of the 

apparatu8200and to ensure thatnoforeignmaterialinterferes with theexpansion 
process. 

15 AsmustratedinFig.3.thefluidpassage235isthenclosedandahardenable 
fluidic sealing material 305 is then pumped from a surface location into the fluid 
passage 230. The material 305 then passes from the fluid passage 230 into the 

interiorregion310ofaxetubularmember210belowtheexpandablemandrel205 
The material 305 then passes from the interior region 310 into the fluid passage 

20 240. The material 305 then exits the apparatus 200 and fills the annular region 
315 between the exterior of the tubular member 210 and the interior wall of the 
new section 130 of the wellbore 100. Continued pumping of the material 305 
causes the material 306 to fill up at least a portion of the annular region 315. 
The material 305 is preferably pumped into the annular region 315 at pressures 

25 and flow rates ranging, for example, fiom about 0 to 344.73785 bar (0 to 5000 psi) and 0 
to 5.678.1 177 litresAmnute (0 to 1.500 gallons/min). respectively. The optimum flow 
rate and operating pressures vary as a function of the casing and wellbort; sizes, wellbore 
section length, available pumping equipment, and fluid properties of the fluidic material 
bemg pumped. The optimum flow rate and operating pressure are preferably detemuned 
using conventional empirical methods. 

The haidenable fluidic sealing material 305 may comprise any number of 
conventional commercially available hardenable fluidic sealing materials such as, 
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for example, slag mix, cement or espoay. In a prefored embodiment, the 
hardenable fluidic sealing material 305 comprises a blended cement prepared 
specifically for the particular well section being drilled fit>m Hallibiirton Energy 
Services in Dallas, TX in order to provide optimal support for tubular member 210 
5 while also ma1nti<iTiiTig optimum flow characteristics so as to minimize difficulties 
during the displacement of cement in the annular region 315. The optimiun blend 
of the blended cement is preferabfy determined using conventional empirical 
methods. 

The annular region 315 preferabfy is filled with the material 305 in 
10 sufScfent quantities to ensure that upon radial expansinn nf frha taihuiar tr^mbpr 
210, the annular region 315 of the new section 130 of the wellboie 100 wiU be filled 
witii material 305. 

In a particularly preferred embodiment, as iUustrated in Fig. 3a, the wall 
thickness and/or the outer diameter of the tubtilar member 210 is reduced in the 

15 region acUacent to the mandrel 205 in order optimally permit placement of the 
apparatus 200 in positions in the wellbore with tight clearances. Furthermore, in 
this manner, the initiation of the radial expansion of the tubular member 210 
during the extrusion process is optimaDy facilitated. 

As illustrated in Fig. 4, once the annular region 315 has been adequately 

20 filled with material 305, a phig 405, or other similar device, is introduced into the 
fluid passage 240 thereby fluididy isohiting the interior region 310 from the 
anaularregionSlS. In a preferred embodiment, a non-hardenablefiuidic material 
306 is then pumped into the interior region 310 causing the interior region to 
pressurize. In this manner, the interior of the expanded tubular member 210 will 

25 not conta in mgnifipmit amounts ofeured material 305. This reduces and simplifies 
the cost of the entire process. Alternatively, the material 305 may be used during 
this phase of the process. 

Once the interior region 310 becomes sufficiently pressurized, the tubular 
member 210 is extruded ofi-of tiie expandable mandrel 205. During tiie exfarision 

30 process, the expandable mandrel 205 may be raised out ofthe expanded portion of 
tiie tubular member 210. In a preferred embodiment, during the extiiision 

process, the mandrel 205 is raised at approxinaatebr the same rate as the tubular 

1^ 



member 210 is expanded in order to keep the tubular member 210 stationaiy 
relative to the new weUbore section 130. In an alternative preferred embodiment, 

theextrusion process is commenced vdth the tubular member210positioned above 
the bottom of the new weUbore section 130, keeping the mandrel 206 stationaiy, 
5 and allowing the tubular member 210 to extrude off of the mandrel 205 and fall 
down the new wellbore section 130 under the force of gravity. 

The plug405 is preferably placed into the fluid passage 240 by introducing 
the plug 405 into the fluid passage 230 at a surface location in a conventional 
manner. The plug 405 preferably acts to fluidicly isolate the hardenable fluidic 
10 sealing material 305 from the non hardenable fluidic material 306. 

The plug 405 may comprise any number of conventional commercially 

available device8frompluggingafluidpassagesuchas,forexample.MultipleStage 
Cementer (MSG) latch-down plug. Omega latch-down plug or three-wiper latch- 
down plugmodified in accordance with the teachings of the present disclosure. In 
15 a preferred embodiment, the plug 405 comprises a MSG latch-down plug available 
from Halliburton Energy Services in Dallas, TX. 

After placement of the plug 405 in the fluid passage 240, a non hardenable 
fluidic material 306 is preferably pumped into the interior region 310 at pressures 
and flow rates ranging, for example, ftom approximately 27.579028 to 689 4757 bar (400 
20 ^°^<>'^P-)a"cI 113.5623tol5141.64731itres/minute(30to4,000ganons/min)^ I„ 
*is manner, the amount of hardenable fluidic sealing material within the interior 3 10 of 
the tubutar member 2 1 0 is nunimized. In a preferred embodin,^^^ 
plug 405 ,n th. fluid passage 240. the non hardenable material 306 is preferably pumped 
mto the interior region 3 10 at pressures and flow rates ranging from approximately 

25 ;','^*°"°-^2«^^''-<5«>to9.000psi)and 151.4164 to 11356.2355 litres/minute (40 

26 to 3.000 gallonsAnin) in order to maximize the extmsion speed. 

In a preferred embodiment, the apparatus 200 is adapted to minimize 
tensUe, burst, and friction eff^ects upon the tubular member 210 during the 
expansion process. These effects wiU be depend upon the geometiy of the 
expansion mandrel 205. the material composition of the tubular member 210 and 
30 expansion mandrel 205, the im.er diameter of the tubular member 210. the wall 
thickness of the tubular member 210, the type of lubricant, and the yield strength 
ofthe tubular member 210. In general, the thicker the waU thickness, the smaller 
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the inner diameter, and the greater the yield strength of the tubular member 210, 
then the greater the operating pressures required to extrude the tubular member 
210 off of the mandrel 205. 

For typical tubular members 210, the extrusion of the tubular member 210 
5 off of the expandable mandrel will begin when the pressure of the interior region 
310 reaches, for example, approximately 34.472 to 620.528 bar (500 to 9,000 psi). 

During the extrusion process, the expandable mandrel 205 may be raised 
out of the expanded portion of the tubular member 210 at rates ranging, for 
example, fromaboutOtoSfVsec. In a preferred embodiment, during the extnilion 
10 process, the expandable mandrel 206 is raised out of the expanded portion of the 
tubular member 2 1 0 at rates ranging fiom about 0 to 0.6096 m/s (0 to 2 ft/sec) in order to 
minimize the time required for the expansion process while also permitting easy control 
of the expansion process. 

When the end portion 260 of the tubular member 210 is extruded off of the 
15 expandable mandrel 205. the outer surface 265 of the end portion 260 of the 
tubular member 210 will preferably contact the interior surface 410 of the end 
portion 270 of the casing 1 15 to form an fluid tight overlapping joint. The contact 
pressure of the overlapping joint may range, for example, from approximately 3.447379 to 
1,278.9514 bar (50 to 20,000 psi). In a preferred embodiment, the contact pressure of the 
20 overlapping joint ranges from approximately 27.579028 to 689.4757 bar (400 to 10,000 psi) in 
order to provide optimum pressure to activate the annular sealing members 245 and optimally 
provide resistance to axial motion to accommodate typical tensile and compressive loads. 



Theoverlappingjointbetweenthesection410oftheexistingcasmgll5and 
thesection265ofthe expanded tubularmember210pr^erablyprovidesagaseous 
25 andfluidicseal. In a particularly preferred embodiment, the sealing members 245 
optimally provide a fluidic and gaseous seal in the overlapping joint 

In a preferred embodiment, the operating pressure and flow rate of the non 

hardenablefluidic material 306iscontrollablyrampeddownwhen the expandable 
mandrel 205 reaches the end portion 260 of the tubular member 210. In this 
30 mamaer, the sudden release of pressure caused by the complete extrusion of the 
tubular member 210 off of the expandable mandrel 205 can be minimized. In a 
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preferred embodiment, the operating pressure is reduced in a substantiaUy linear 
fashion from 100% to about 10% during the end of the extrusion process beginning 
when the mandrel 205 is within about 1.524 m ( 5 feet) from completion of the extmsion 
process. 

5 Alternatively, or in combination, a shock absorber is provided in the support 

member 250 in order to absorb the shockcausedl^the sudden release of pressure. 
The shock absorber may comprise, for example, any conventional commercially 
available shock absorber adapted for use in wellbore operations. 

Alternatively, or in combination, a mandrel catching structure is provided 
10 in the end portion 260 of the tubular member 210 in order to catch or at least 
decelerate the mandrel 205. 

Once the extrusion process is completed, the expandable mandrel 205 is 
removed from the wellbore 100. In apreferred embodiment, either before or after 
the removal of the expandable mandrel 205, the integrity of the fluidic seal of the 
15 overlapping joint between the upper portion 260 of the tubular member 210 and 
the lower portion 270 of the casing 115 is tested using conventional methods. 

If the fluidic seal of the overlappingjoint between the upper portion 260 of 
the tubular member210and the Iovirerportion270ofthecaaingn5issatisfactoiy, 
then anyuncured portion ofthe material 305 within the expanded tubularmember 
20 210i8thenremovedinaconventionalmannersucha8,forexample,circulatingthe 
uncured material out ofthe interior ofthe expanded tubular member 210. The 
mandrel 205 is then puUed out ofthe wellbore section 130 and a drill bit or miU is 
used in combination with a conventional drilling assembly 505 to drill out any 
hardened material 305 within the tubular member 210. The material 305 within 
25 the annular region 315 is then aUowed to cure. 

As iUustrated in Fig.5,preferably any remainingcured material 305 within 
the interior of the expanded tubular member 210 is then removed in a 
conventional manner using a conventional drill string 605. The resulting new 
section of casing 510 includes the expanded tubular member 210 and an outer 
30 annularlayer515ofcuredmaterial305. The bottom portion ofthe apparatus 200 
comprising the shoe 215 and dart: 405 may tiien be removed hy drilling out the 
shoe 215 and dart 405 using conventional drilling methods. 



As illustrated in Fig. 6, the upper portion 260 of the tobul&r member 210 
includes one or more sealing members 605 and one or more pressure relief 
holes 610. In this manner, the overlapping joint between the lower portion 270 
of the casing 1 15 and the upper portion 260 of the tubular member 2 10 is 
pressure-tight and the pressure on the interior and exterior surfaces of the 
tubular member 210 Is equalized during the extmsion process. 

The sealing members 605 are seated within recesses 615 formed in the 
outer surface 265 of the upper portion 260 of the tubular member 210. In an 
alternative preferred embodiment, the sealing members 605 are bonded or 
molded onto the outer surface 265 of the upper portion 260 of the tubular 
member 210. The pressure relief holes 61 0 are preferably positioned in the last 
few feet of the tubular member 210. The pressure relief holes reduce the 
operating pressures required to expand the upper portion 260 of the tubular 
member 210. This reduction in required operating pressure in tum reduces the 
velocity of the mandrel 205 upon the completion of ttie extrusion process. This 
reduction in velocity in tum minimizes tiie mechanical shock to tiie entire 
apparatus 200 upon the completion of tiie extrusion process. 

Referring now to Fig. 7, a particularly prefen^ed embodiment of an 
apparatus 700 for forming a casing within a wellbore preferably includes an 
expandable mandrel or pig 705, an expandable mandrel or pig container 710, a 
tubular member 71 5, a float shoe 720, a lower cup seal 725, an upper cup seal 
730, a fluid passage 735, a fluid passage 740, a support member 745, a body of 
lubricant 750, an overshot connection 755, anoUier support member 760, and a 
stabilizer 765. 

The expandable mandrel 705 is coupled to and supported by the support 
member 745. The expandable mandrel 705 is further coupled to ttie expandable 
mandrel container 710. The expandable mandrel 705 is preferably adapted to 
controllably expand in a radial directioa The expandable mandrel 705 may 
comprise any number of convenb"onal commercially available expandable 
mandrels modified in accordance witti the teachings of ttie present disclosure. 
In a preferred embodiment, the expandable mandrel 705 comprises a hydraulic 
expansion tool substanti'ally as disclosed in U.S. Pat. No. 5,348,095, tfie contents 
of \#ichaFe 
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incorporated herein by reference, modified in accordance with the teachings of the 
present disclosure. 

The expandable mandrel container 710 is coupled to and supported by the 
support member 745. The expandable mandrel container 710 is further coupled 
5 to the expandable mandrel 705. The expandable mandrel container 710 may be 
constructed from Euiy number of conventional commercially available TnatoTiulp 
such as, for example, Oilfield Country Tubular Goods, stainless steel, titanium or 
high strength steels. In a preferred embodimmt, the expandable mandrel 
container 710 is fiibricated from material having a greator strength than the 

10 material from which the tubular member 715 is fEibricated. In this manner, the 
container 710 can be &bricated from a tubular material having a thinner wall 
thickness than the tubular member 210. This permits the container 710 to pass 
through tight clearances thereby facilitating its placement within the wellbore. 
In a preferred embodiment, once the expansion process begins, and the 

15 thicker, lower strength material of the tubular member 715 is expanded, the 
outside diameter of the tubular member 715 is greater than the outside diameter 
of the container 710. 

The tubular member 715 is coupled to and supported by the expandable 
mandrel 705. The tubular member 715 is preferably expanded in the radial 

20 direction and extruded off of the expandable mandrel 705 substantiaUy as 
described above with reference to Figs. 1-6. The tubular member 715 may be 
fabricated fit)m any number of materials such as, for example, Oilfield Country 
Tubular Goods (OCTG), automotive grade steel or plastics. In a preferred 
embodimoit, the tubular member 715 is febricated from OCTG. 

25 In a preferred embodiment, the tubular member 715 has a substantiaUy 

annular cross-section. In a particularly preferred embodiment, the tubular 
member 716 has a substantiaUy circular annular cross-section. 

The tubular member 715 preferably includes an upper section 805, an 
intermediate section 810, and a lower section 815. The upper section 805 of the 

30 tubular member 715 preferably is defined by the region beginning in the vicinity 
of the mandrel container 710 and ending with the top section 820 of the tubular 
member 715. The intermediate section 810 of the tubular member 715 is 
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preferably defined by the region beginning in the vicinity of the top of the mandrel 
container 710 and ending with the region in the vicinity of the mandrel 705 The 
lower section of the tubular member 715 is preferably defined by the region 
begnming in the vicinity of the mandrel 705 and ending at the bottom 825 of the 
5 tubular member 715. 

In a preferred embodiment, the waU thickness erf the upper 8«*ion 806 of 

the tubular member 715 is greater than the wdl thiokne»e» of the intermediate 
«d lower sections 810 «ri 818 of th, tubular m«aber 715 in order to optim.lI. 

f-^'-U-'toittatlonofthee^onprocessBrfoptimallypermitthe.pparatus 
10 «>0»obeposition«iml„cation3inthawellboreha™gtightcle.r«.oes 

5.08 cm. „ 2 ,„ch«X ,«p«,«„. h , ^ ^ 

^,c^. or upp^ 305 or*. ,,3 ^ 

(3.5B 16m=h.,)™d0.375to3.81 cn»(3/8u, 1.5 mch«). ,e^„,j, 

nr*f««M u J- ^ ^ respectively. In a particularly 

^.T'^ " — -"8* .f sh,. 7.0 .1^ ^ J'J 

example, aJuminiiini are used. 

n^feJ" tL""" '"'^'^ "^"^ ' ' 

» =mbodan«. «,c end ^ 820 of d» «bul., mea,b.r 7,5 is slo„ed 

cotr r ««k or slow down «„ „^d„, ,„5 

3^ comp,««d„„,rus.„„<,f^^„„^^„„j h.pr.f«r«,.„^dimc„,U,e 
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IS preferably limited lo between aboui 19 loo. ^>,i - "or 'lo 

The .h« 720 ,s coupled to the e^andable aiandrel 705 and the mbular 
'^'^l '"^ ^""^ "° '"""""^ *e fluid pe«.^ 740. m 

rpot':;'^''"''"'^^'"'""'"'"'''^^''^--^ 

elamen^, bloctog the inlet p.™,^ 830. The inUrio, .f ^ 

«_-^'«'^-«k«.for.«n,pte,SuperSea.IID<,^jetfloatehoe „«„idl 
15 shoe with a sealinir sImva f«» « i * u j ' 

tead^ngs of the pr«e„t di«,osn«. In a preferred enAodtaent. the du» 720 
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The upper cup seal 730 is coupled to and supported by the support member 

760. The upper cup seal 730 preventsforeignmaterialsfromenteringthe interior 
region of the tubular member 715. The upper cup seal 730 may comprise any 
number of conventional commerciaUy available cup seals such as. for example TP 
5 cups or Selective Injection Packer (SIP) cup modified in accordance with 'the 

teachingsofthepresentdisclosure.Inapreferred embodiment, theupper cup seal 
730 comprises a SIP cup available ftom HalUburton Energy Services in Dallas. TX 
in order to optimally provide a debris barrier and contain a body of lubricant. 
The nuid passage 735 permits Huidic materials to be transported to and 

10 from theinteriorregionofthetubularmember715beWtheexpandable mandrel 
705. The fluid passage 735 is fluidicly coupled to the fluid passage 740. The fluid 
passage 735 is preferably coupled to and positioned within the support member 
760, the support member 745. the mandrel container 710. and the expandable 
mandrel 705. The fluid passage 735 preferably extends from a position ac^jacent 
15 tothesurfacetothebottomoftheexpandablemandrel705. The fluid passage 736 
is preferably positioned along a centerline of the apparatus 700. The fluid passage 
735 is preferably selected to transport materials such as cement, drilling mud or 

cpoxics at flow rates and pressures ranging from about 151.4164 to 1 1356.2355 Hties/minute (40 lo 3 000 
gallons/miaute) and 34.473 to 620.52813 bar (500 to 9,000 psi) in order to provide sufficient open.'.i.« 
pressures to exinide the tubular member 715 off of the expandable mandrel 705. 

As described above with reference to Figs. 1.6. during placement of the 
apparatus 700 within a new section of a wellbore. fluidic materials forced up the 

fluidpassage 735 can berdeased into the weUboreabovethetabularmember715 
In a preferred embodiment, the apparatus 700 further includes a pressure release 
25 passage that is coupled to and positioned within the support member 260 The 

pressurereleasepassageisfurtherfluidiclycoupledtothefluidpassage735 The 
pressure release passage preferably includes a control valve for controllably 
opening and closing the fluid passage. In a preferred embodiment, the control 
-^J^i^P'essureactivatedinordertocontrollablyminimizesurgepressures The 
30 P-->^releasepassageispreferablypositionedsubstentialIyorthogonaltothe 
centorline of the apparatus 700. Tte pressure release passage is preferably 

selectedtoconveymaterialssuch as cement, drillingmudorepoxiesatflowrates 

^3 
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and pressures tanging ftom about 0 to 1892.7059 litres/minute (0 to 500 gallons/minute) and 0 to 68.94757 
bar (0 to 1 ,000 psi) in order to reduce the drag on the apparatus 700 during insertion into a new section of a 
weinx>re and to minimize surge pressures on the new weilbore section. 

The fluid passage 740 permits fiuidic materials to be transported to and 
5 from the region exterior to the tubular member 715. The fluid passage 740 is 
preferably coupled to and positioned within the shoe 720 in fluidic communication 
with the interior region of the tubular member 716 below the expandable mandrel 
705. The fluid passage 740 preferably has a cross-sectional shape that permits a 
plug, or other similar device, to be placed in the inlet 830 of the fluid passage 740 
10 to thereby block further passage of fluidic materials. In this manner, the interior 
region of the tubular member 715 below the expandable mandrel 705 can be 
optimally fluidicly isolated from the region exterior to the tubukr member 715. 
This permits the interior repon of the tubular member 716 below the expandable 
mandrel 205 to be pressurized. 
16 The fluid passage 740 is preferably positioned substantially along the 

centerline of the apparatus 700. The fluid passage 740 is preferably selected to 
convey materials such as cement, drilling mud or epoxies at flow rates and 
pressures ranging from about 0 to 1 1 356.2355 litres/minute (0 to 3,000 gallons/minute) 
and 0 to 620.52813 bar (0 to 9,000 psi) in order to optimally fill an annular region 
20 between the tubular member 715 and a new section of a wellbore with fluidic materials. 
In a preferred embodiment, the fluid passage 740 includes an inlet passage 830 having a 
geometry that can receive a dart and/or a ball sealing member. In this manner, the fluid 
passage 240 can be sealed off by introducing a plug, dart and/or ball sealing elements 
into the fliud passage 230. 

25 ^'^«P'eferredembodiment,theappanitus700furtherincludesoneormore 
seals 845 coupled to and supported by the end portion 820 of the tubular member 
715. The seals 845 are fiirther positioned on an outer surface of the end portion 
820 of the tubular member 715. The seals 845 permit the overlapping joint 
between an end portion of preexisting casing and the end portion 820 of the 

30 tubular member 715 to be fluidicly sealed. The seals 845 may comprise a^y 
number of conventional commercially available seals such as. for example, lead, 
rubber. Teflon™, or epoxy seals modified in accordance with the teachings of the 
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present disclosure. In a preferred embodiment, the seals 845 comprise seals 
molded ftom StrataLock epoxy available from Halliburton Energy Services in 
Dallas. TK in order to optimally provide a hydraulic seal and a load bearing 
interference fit in the overlapping joint between the tubular member 715 and an 

5 -^casingwithoptimalloadbearingeapadtytosupport 
715. 

fhcf o.^ force to support the «cp^M „^ the e:dsth« 

10 n»,8.ste.mab«„«.94757U.68,947.57b,r(..000u. 1,000. 000 IbO in onlcru, 
optimally support the expanded tubular member 715. 

■n»Bupportme=U«746i.p,efe»hI,coupledtotheexpendablem^^ 
705 a»d the overshot »„„ection 765. The support meaner 745 preferably 

15 700.„,o.«weecti.nof.wellbore. "H^sup^ number 746 mey comprise™, 
number of convention comme.ci.Uy .veilsble support members such ss for 

e«mple. steel drillpipe, coiled tubiugor other high strength tubuUirmodifl«iiu 
ac^Mence »ith the teachings of the present disclosure. In . prefer^ 

-^"t.thesupportmember745c„mpri.escon,ention.ldrinpipeav»la^^ 
20 from various steel mills in the United States. 

In e preferred embodiment. . body of Inbrjcant 760 i. provided in the 

rTrr°°'*"'*'^'"^'''^~"'^«"'>™'^t^-t«iorof 
the^bularmemher716. 'nthi.m«».er.thee^nofthetubuUrmemher715 
°'^»f'^«P-**fe™uuirel706isfiicili...edThetabri«^^ 
25 any num^ of conventional „»mercial^ ^^^^ 

^ Chlorine based h*Hcants. oil based hU,Hcan.s. or dima. 

1500An^(3i00). mapreferredembodhnen, the UU-ricant 750 comprises 
^ Mti^ Cazoo, available ..m Halliburton ^ Serv.::: 

30 ^"■'^"°''"'"°'''^^'^'^''««»«-«-«iatethee«rusi«> 

s„.„„J^'T^°'~°"'*™'''""'«^'°'^™--»^'««-dthe 
supportm«nber760. 'n»ove.^tconnection765prefe,^^parmit.the..pport 

2r 



( 

member 745 to be removably coupled to the support member 760. The overshot 
comiection 755 m^ comprise any number of conventional commercially available 
overshot connections such as, for example, Wrstring Sealing Adapter, 

Innerstring Flat-Pace Sealing Adapter or EZ Drill Setting Tool Stinger. In a 
5 preferred embodiment, the overshot connection 755 comprises a Innerstring 
Adapter with an Upper Guide available from Halliburton Energy Services in 
Dallas, TX. 

The support member 760 is preferably coupled to the overshot connection 
755 and a surface support structure (not ilhistrafced). The support member 760 

10 preferably comprises an annular member having suffident strength to cariy the 
apparatus 700 into a new section of a wellbore. The siqiport member 760 may 
comprise any number of conventional commercially available support members 
such.as.forexample.steeldriUpipe,coiledtubingorotherhighstre^ 
modifiedinaccotdancewiththeteachingBofthepresentdisdosure. Inapreferred 

15 «nl>odiment,the8upportmember760comprise8aconventionaldriUp^ 
from steel mills in the United States. 

The stabilizer 765 is preferably coupled to the support member 760 The 
stabilizer 765 also preferably stabilizes the components of the apparatus 700 
within the tubular member 715. The stabilizer 765 preferably comprises a 
20 spherical member having an outside diameter that is about 80 to 99% of the 
mterior diameter of Uie tubular member 715 in order to optimally minimize 
bucklingofthetubulapmember715. The stabilizer 765 m^ comprise any number 
of conventional commercial^ available stabilizers such as, for example EZ Drill 
S^t^des.pactoshoesordragblocksmodifiedinaccordancewiththete^ 

25 «ftt»epre8entdisdos«te.Inapreferredembodiment,thestabilizer766comprises 
a seahng adapter upper guide avmlable from Halliburton Energy Services in 
Dallas, TX. 

In a preferred embodiment, the support members 745 and 760 are 
thorough^ cleaned prior to assembly to the remaining portions of the apparatus 
30 700. lathis manner, the introduction of foreign material into the apparatus 700 
IS minimized. This minimizes the possibiUty of foreign material clogging the 
venous flow passages and valves of the apparatus 700. 
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In a preferred embodiment, before or after positioning the ^paratus 700 
within a new section of a wellbore, a conple of weUbore volumes are circulated 
through the various flow passages of the apparatus 700 in order to ensure that no 
foreign materials are located within the wellbore that might clog up the various 
5 flow passages and valves of the apparatus 700 and to ensure that no foreign 
material interferes with the expansion mandrel 705 during the expansion process. 

In a preferred embodiment, the apparatus 700 is operated substantially as 
described above with reference to Figs. 1*7 to form a new section of casing within 
a wellbore. 

10 As illustrated in Fig. 8, in an alternative preferred embodiment, the method 

and apparatus described herein is used to repair an existing wellbore casing 805 
by forming a tubular liner 810 inside of the existing wellbore casing 805. In a 
preferred embodiment, an outer annular lining of cement is not provided in the 
repaired section. In the alternative preferred embodiment, any number of fluidic 

16 materials can be used to expand the tubular liner 810 into intimate contact with 
the da m aged section of the wellbore casing such as, for example, cement, epoxy, 
slag mix, or drilling mud In the alternative preferred embodiment, sealing 
members 815 are preferably provided at both ends of the tubular member in order 
to optimally provide a fluidic seal. In an alternative preferred embodiment, the 

20 tubular liner 810 is formed within a horizontaUy positioned pipeli^ 

as thoseusedtotransporthjdrocarbonsor water, with the tubular liner 810 placed 
in an overlapping relationship with the adjacent pipeline section. In this maimer, 
underground pipelines can be repaired without having to dig out and replace the 
damaged sections. 

25 In another alternative prrferred embodiment, the method and apparatus 

described herein is used to directly line a wellbore with a tubule In a 

preferred embodiment^ an outer annular lining of cement is not provided between 
the tubular liner 810 and the wellbore. In the alternative preferred embodiment, 
any number of fluidic materials can be used to expand the tubular liner 810 into 

30 intimate contact with the wellbore such as. for example, cement, epo^y, glag Tniy 
or drilling mud. 

an 
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In a preferred embodiment, the combined length of the tubulzir rnfembefs * 
902 and 915 are Umited to minimize the possibility of buckling. For typical tubular 
member materials, the combined length of the tubular members 902 and 91 5 are 
limited to between about 12.192 to 6,096m (40 to 20,000 feet) in length. 

The lower portion 914 of the tubular member 902 is preferably coupled to 
the shoe 908 by a threaded connection 968. The intermediate portion 912 of the 
tubular member 902 preferably is placed in intimate sliding contact with the 
mandrel 906. 

The tubular member 902 may be fabricated from any number of 
conventional commercially available materials such as, for example, oilfield 
tubulars, low alloy steels, titanium or stainless steels. In a preferred 
embodiment, the tubular member 902 is fabricated from oilfield tubulars in order 
to optimally provide approximately the same mechanical properties as the 
tubular member 915. In a particularly preferred embodiment, the tubular 
member 902 has a plastic yield point ranging from about 275.9028 to 9307.921 95 
bar (40,000 to 135,000) psi in order to optimally provide approximately the same 
yield properties as the tubular member 91 5. 

The waU thickness of the upper, intermediate, and lower portions, 910, 912 
and 914 of the tubular member 902 may range, for example, from about 0.625 
to 3.81 cms (1/16 to 1.5 inches). In a prefenred embodiment, the wall thickness 
of the upper, intermediate, and lower portions, 910, 912 and 914 of the tubular 
member 902 range from about 0.3175 to 3.175 cms (1/8 to 1.25 inches) in order to 
opUmally provide wall thickness that are about the same as the tubular member 
915. In a prefened embodiment, the waU thickness of the lower portion 914 is 
less than or equal to the wall thickness of the upper portion 9 10 in order to 
optimally provide a geometry that will fit into tight clearances downhole. 

The outer diameter of tfie upper, Inteimediate, and tower portions. 910, 
912 and 914 of tiie tubular member 902 may range, for example, from about 2.667 
to 121 .92 cms (1.05 to 48 inches). In a preferred embodiment, ttie outer 
diameter of ttie upper, intermediate, and lower portions, 910, 912 and 914 of the 
tubular member 902 range from about 8.89 to 48.26 cms (3 '/4 to 1 9 inches) in 
order to optimally provide the ability to expand the most commonly used oilfiekl 
tubii^rs. 
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The Iwigth of the tubular manher 902 is preferably limited to between about 
0.6096 to 1.524 m (2 to 5 feet) in order to optimally provide enough length to contain the 
mandrel 906 and a body of lubricant. 

The tubular member 902 may comprise any number of conventional 

5 con^erdallyavailablet^bularmembersmodifiedinaccordancewiththeteachi^ 
of the present disclosure. In a preferred embodiment, the tubular member 902 
comprises Oilfield Countiy Tubular Goods available from various U.S. steel miUs. 

The tubularmemberSlS may compriseanynumberof conventional commenrially 
available tubular members modified in accordance with the teachings of the 
10 presentdisdosure. In a preferred embodiment, the tubuiar member 915 comprises 
Oilfield Country Tubular Goods available from various U.S. steel mills. 

The various elements of the tubular member 902 may be coupled using any 
number of conventional process such as. for example, threaded com^ections 
welding or machined from one piece. In a preferred embodiment, the various 
15 elements of the tubular member 902 are coupled using welding. The tubular 
member 902 may comprise a plurality of tubular elements that are coupled end to 
end. The various elements of the tubular member 915 may be coupled using any 
number of conventional process such as. for example, threaded comiections 
welding or machined from one piece. In a preferred embodiment, the varioui 
20 elements of the tubular member 915 are coupled using welding. The tubular 

member916 may compriseapluraUty of tubular elements thatare coupled endto 
end. The tubular members 902 and 915 may be coupled using any number of 
conventional process such as. for example, threaded connections, welding or 
machiaed from one piece. 

26 The support member 904 preferably includes an imxerstring adapter 916 

afluid passageSlS, an upper gtade920.andacoupling922. During operation of 
theapparatus900.thesupportmember904preferablysupportstheapparatus900 
durmgmovementoftheapparatus900withinaweUbore. The support member 
904 preferably has a substantially annular cross-section. 
30 The support member 904 may be fabricated from any number of 

conventional commercially available materials such as. for example, oilfield 
tubulars. low aUoy steel. coUed tubing or stainless steel. In a preferred 
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embodiment, the support member 904 is fabricated from low alloy steel in order 
to optimally provide high yield strength. 

The innerstring adaptor 916 preferably is coupled to and supported by a 
conventional drill string support from a surface location. The innerstring adaptor 
5 916 may be coupled to a conventional drill string support 971 by a threaded 
connection 970. 

The fluid passage 918 is preferably used to convey fluids and other materials 
to and from the apparatus 900. In a preferred embodiment, the fluid passage 918 
is fluididy coupled to the fluid passage 952. In a preferred embodiment, the fluid 
10 passage 918 is used to convey haidenable fiuidic sealing materials to and from the 
apparatus 900. In a particularly preferred embodiment, the fluid passage 918 may 
include one or naore pressure relief passages (not iUustrated) to release fluid 
pressure duringpositioningof the apparatus 900 withinaweUbore. In apreferred 
embodiment, the fluid passage 918 is positioned along a longitudinal centerline of 
16 the apparatus 900. In a preferred embodiment, the fluid passage 918 is selected 
to permit the conveyance of hardenable fluidic materials at operating pressures 
ranging from about 0 to 620.5281 3 bar (0 to 9,000 psi). 

The upper guide 920 is coupled to an upper portion of the support member 
904. The upper guide 920 preferably is adapted to center the support member 904 
20 within the tubular member 915. The upper guide 920 may comprise any number 
of conventional guide members modified in accordance with the teachings of the 
present disclosure. In a preferred embodiment, the upper guide 920 comprises an 

innerstringadapter available fromHalliburtonEnergy Services inDallas,TXorder 
to optimally guide the apparatus 900 within the tubular member 916. 

25 Thecoupling922couplesthesapportmember904tothemandreI906. The 

coupling 922 preferably comprises a conventional threaded connection. 

The various elements of the support member 904 may be coupled using any 
number of conventional processes such as, for example, welding, threaded 
connections or machined from one piece. In a preferred embodiment, the various 
30 elements of the support member 904 are coupled using threaded connections. 

The mandrel 906 preferably includes a retainer 924, a rubber cup 926, an 
expansion cone 928,alower cone retainer 930,abo4y of cement 932,alower guide 



( 

934. an extension sleeve 936. a spacer 938. a housing 940. a sealing sleeve 942. an 

upper cone retainer 944. alubricator mandrel 946, alubricator sleeve 948. aguide 
950, and a fluid passage 952. 

The retainer 924 is coupled to the lubricator mandrel 946. lubricator sleeve 
5 948. and the rubber cup 926. The retainer 924 couples the rubber cup 926 to the 
lubricator sleeve 948. The retainer 924 preferably has a substantially annular 
cross-section. The retainer 924 may comprise any number of conventional 
commennally available retainers such as. for example, slotted spring pins or roll 
pin. 

946, «,d the Jubrictor .U^™ 948. Ite robber cup 926 prevents the entry of 

forewimeterid. into the interior region 972 oftb. tubular member 902 below the 
robber cup 926. The robber cup 926 m^ comprise any number of conventional 
commercially available robber cups «.ch as, for e:cample, TP cups or Selective 
15 I„-ection Packer (SIP) cup. In a preferred embodime-rt, the robber cup 926 

comprise, a SIP cup avdUi,te (hm. Haim-urton Ene,Sy Services in Dallas, TX in 
order to optimally block foreign materials. 

In a particularly preferred embodiment, a body of tabricant is Itother 

'»°-<l«d-«»inleriorregion972ofthetubularmember902inordertolubricate 
20 the interface between the e«erior surface of the m«.d.^ 902 and the interior 
surface of the tubular members 902 and 916. The lubricant may comprise any 
number ofconventiomU Commercially available lubricants such as. for e«m.ple 
Lubnplatc . <*l«fae based lubricants, oil based lubriamts or Climax 1500 Aatiseize 

25 («00)a™d.blefromaim.,Lubric«.t..ndE<,u,mentC„.inHouston.Kin 

order to .pthnally proWd. h^rkatton to the e:rtrosion process 

'^~P«i»ionoone928i.coupledtotheIowerconerelainer930,thebody 

.fc«neat932,thelow.rguide934,thee.tensionsleeve936,thehonsing940,and 

'^-•'•*««»»"'«iner944.Inap«ferredembodiment,duringoper.tion.fth. 
30 app^ 900, the tubular members 902 and 915 are e«roded off of the outer 

surfaceofthee,pansioncone928. In a prefenred embodiment, axial movement 

.ftbeerpansioncone928ispreventedl^thelow.rconeretmaer930.housing940 
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and the upper cone retainer 944. Inner radial movement of the expansion cone 
928 is prevented by the body of cement 932, the housing 940. and the upper cone 
retainer 944. 

The expansion cone 928 preferably has a substantially annular cross section. 
5 The outside diameter of the expansion cone 928 is preferably tapered to provide 
a cone shape. The wall thickness of the expansion cone 928 may range, for 
exainple. from about 0.3 1 75 to 7.62 cms (0. 1 25 to 3 inches). In a prefmed embodiment, the waU thickness 
of the expansion cone 928 ranges from about 0.635 to 1.905 cms (0.25 to 0.75 inches) in order to optimally 
provide adequate compressive strength with minimal material The maximum and minimum outside 
diameters of the expansion cone 928 may range, for example, from about 2.54 to 119.38 cms (1 to 47 
inches). In a preferred eirAodiment. the maximum and minimum outside diameters of the expulsion cone 
928 range from about 8.89 to 48.26 cms (3.5 to 19 inches) in order to optimally provide expansion of 
generally available oilfield tubulars. 

The expansion cone 928 may be fabricated from any number of conventional 
15 commercially available materials such as. for example, ceramic, tool steel, titanium 
or lowalloy steel. In a preferred embodiment, the expansion cone 928 is fabricated 
from toolsteelinorder to optimaUy provide high strength andabrasion resistance. 
The surface hardness of the outer surface of the expansion cone 928 may range, for 
example, from about 50 Hockwell C to 70 Rockwell C. In a preferred embodimlnt. 
20 the surface hardness of the outer surface of the expansion cone 928 ranges from 
about 58 Rockwell C to 62 RockweU C in order to optimally provide high yield 
strength. In a preferred embodiment, the expansion cone 928 is heat treated to 
optimally provide a hard outer surface and a resihent interior body m order to 
optimaUy provide abrasion resistance and fracture toughness. 
25 The lower cone retainer 930 is coupled to the expansion cone 928 and the 

housing 940. In a preferred embodiment, axial movement of the expansion cone 
928 is prevented by the lower cone retainer 930. Preferably, the lower cone 
retainer 930 has a substantially annular cross-section. 

The lower cone retainer 930 may be fabricated from any number of 

30 <»°ventionalcommerdaUyavailablematerialssuchas.forexample,ceramic.tool 
steel, titanium or low alloy steeL In a preferred embodiment, the lower cone 
retainer 930 is fabricated from tool steel in order to optunaUy provide high 
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strength and abrasionresisfcance. The surface hardness ofthe outer surface of the 
lower cone retainer 930 may range, for example, from about 50 Rockwell C to 70 
Rockwell C. In apreferred embodiment, the surface hardness ofthe outer surface 
ofthe lower cone retamer 930 ranges from about 58 Rockwell C to 62 Rockwell C 
5 in order to optimally provide high yield strength. In a preferred embodiment, the 
lower cone retainer 930 is heat treated to optimaDy provide a hard outer surface 
and a resilient interior body in order to optimally provide abrasion resistance and 
firacture tou^iness. 

In a preferred embodiment, the lower cone retainer 930 and the e^kansion 
10 cone 928 are formed as an integral one-piece element in order reduce the number 
of components and increase the overall strength of the ^paratus. The outer 
surfiace ofthe lower cone retamer 930 preferably mates with the inner surfaces of 
the tubular membors 902 and 915. 

The body of cement 932 is positioned within the interiorof the mandrel 906. 
15 'I^bodyofcement932providesaninnerbearingstructureforthemandrel906. 
The body of cement 932 further may be easilydrilledoutusingaconventionaldriU 
device. In this manner, the mandrel 906 may be easily removed using a 
conventional drilling device. 

The body of cement 932 may comprise any number of conventional 
20 commerdaUyavailablecementcompounds.Alternativdy.ahiminum,castironor 
someotherdmiablemetaUic, composite, or aggregate material may besubstituted 

forcement. The body ofcement 932 preferably has a substantially annular cross- 
section. 

The tower guide 934 iscoupled to theertemrion sleeve 936 and housing 940. 
25 D«'^operationoftheappaiBtus900,thetowerguide934preferablyhelpsgu^^ 
the movement of the mandrel 906 within the tubular member 902. Thelower 
guide 934 preferably has a substantially annular cross-section. 

The tower guide 934 may be fSabricated from any number of conventional 
commercially available materials such as, for example, oilfield tubulars, low altoy 
30 steel or stainless steel. In a preferred embodiment, the lower guide 934 is 
fabricated from low alloy steel m order to optimally provide hi^ yield strength. 
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The outer surface of the lower guide 934 preferably mates with the inner surface 
of the tubular member 902 to provide a sliding fit 

The extension sleeve 936 is coupled to the lower guide 934 and the housing 
940. D»^operationoftheapparat«s900.the«tensionsleeve936pr^^ 
5 helps guide the movement of the mandrel 906 within the tubular member 902. 
The extension sleeve 936 preferably has a substantially annular cross-section. 

The extension sleeve 936 may be fabricated from any number of 
conventional commercially available materials such as. for example, oilfield 
tubulars. low ancqr Steel or stainless Steel. In a preferred embodiment the 
10 «rtensionsleeve936isfa,ricatedfromlowaltoysteelinordertooptimaUyp™^^^ 
highyieldstrength. The out« surface ofthe extension sleeve 936 preferably mates 
with the inner surikce of the tubular member 902 to provide a sUding fit. Ina 
preferred embodiment, the extension sleeve 936 and the lower guide 934 are 
formed as an integral one-piece element in order to minimize the number of 
15 componente and increase the strength of the apparatus. 

The spacer 938 is coupled to the sealing sleeve 942. The spacer 938 
preferably includesthefluidpassage952andisadaptedtomate with theextension 
tube960oftheshoe908. Inthismamier,aph,gordartcanbeconv^fr«nthe 
surface through the fluid passages 918 and 952 into the fhiid passage 962 
20 P^ferabty. the q«cer 938 has a substantially amiularcios^section. 

The spacer 938 may be fabricated from any number of conventional 
commerdaUy available materials such as, for example, steel, ahuninum or cast 
iron. In a preferred embodiment, the spacer 938 is fabricated from aluminum in 
°'^-tooptimaUyprovidedrillabiUty.Tl.eendofthespacer938preferabty 
25^ththeendoftheextensiontube960. In a preferred embodiment, the spacer 
938imdthesealingsleeve942areformedasanintegralone.p^ 

toreduce the number of componente and increase the st«ngfch of the ^tus. 
The housing 940 is coupled to the lower guide 934, extension sleeve 936 

-pa-ion cone 928, body of cement 932, and lower cone retainer 930. During 
30 °P«-tionofthea|^tus900,««hou8ing940preferab^yp,^^ 

mot.onofthe«q«nsioncone928. IVeferably. the housing 940 has a substantially 
annular cross-section. 



The housing 940 may be fabricated from any number of conventional 
commerdaUy available materials such as. for example, oilfield tubulare, low aUoy 
steel or stainless steeL In a preferred embodhnent. the housing 940 is fabricated 
from low alloy steel in order to optimaUy provide high yield strength. In a 

5 Preferredembodiment,thelowerguide934.extensionsleeve936andhousing940 
are formed as an integral one-piece element in order to minimize the number of 
components and increase the strength of the apparatus. 

In a particularfer preferred embodiment, the interior surface of the housing 
940 includes one or more protrusions to fadliate the connection between the 
10 housing 940 and the body of cement 932. 

The sealing sleeve 942 is coupled to the support member 904, the body of 
cement 932. the spacer938. and theupper cone retainer 944. During operation of 
the apparatus, the sealing sleeve 942 preferably provides support for the mandrel 

906. Thesealingsleeve942ispreferablycoupledtothesupportmember904using 
15 the coupling 922. Preferably, the sealing sleeve 942 has a substantially annular 
cross-section. 

The sealing sleeve 942 may be febricatedfrom any mm*er of conventional 
commercially available materials such as. for example, steel, ahuninum or cast 
iron. In a preferred embodiment, the sealing sleeve 942 is fabricated from 

20 «i»"ninummordertooptimanypn)videdrillabiHtyofthesealingsleeve942. 

In a particularly prefeired embodiment, the outer surface of the sealing 

sleeve942includesoneormoreprotrusionstofaciliatetheconnectionbetweenthe 
sealing sleeve 942 and the body of cement 932. 

In a particular^ preferred embodiment, the spacer 938 and the sealing 

25 «leeve942areintegraUyformedasaone.pieceelementinordertommim^the 
number of components. 

The upper cone retainer 944 i, ompled to the «9>^ cone 928, the 
seaBngrtee«942,.ndthebo4yofcemM,t932. Duringoperrtk»ofthe.pp.,«™ 

900.theupperconeretamer944p,,*rdrtypre«nt8i«i.lmotionofthee^»naon 
30cone928. I^ly. the upper «,„. 944 h«, . suhrtentUly .„„„tar 

cross-section. 
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The upper cone retainer 944 may be fabricated from any number of 
conventional commerciaUy available materials such as, for erample, steel, 
ahuninum or cast iron. In a preferred embodiment, the upper «»ne retainer 944 

is fabricated from ahiminum in order to optimaUy provide drillabiUly o 
5 cone retainer 944. 

In a particularly preferred embodiment, the upper cone retainer 944 has a 
cross-sectiomil shape designed to provide increased rigidity. In a particularly 
preferred embodiment, the upper cone retainer 944 has a cross-sectional shape 

that is substantially I-shaped to provide increased rigidity and minimis 
10 amount ofmaterial that would have to be drilled out. 

The hibricator mandrel 946 is coupled to the retainer 924. the rubber cup 
926. the upper cone retainer 944. the lubricator sleeve 948. and the guide 950. 
During operation of the apparatus 900. the lubricator mandrel 946 preferably 
contains the body of lubricant in the annular region 972 for lubricating the 

15 i^teriacebetweenthemandrel906andthetubularmember902.Preferably.the 
lubricator mandrel 946 has a substantially annular cross-section. 

The lubricator mandrel 946 be fabricated fh>m any number of 
conventional commercially available materials such as, for example, steel, 
aluminumorcastiron. In a preferred embodiment, the hibricatormandr^ 946 is' 
20 fabricated from aluminum in order to optimal^ provide driUabiHly of the 
lubricator mandrel 946. 

The hibricator sleeve 948 is coupled to the hibricator mandrel 946 the 

retainer924,therubbercup926.theupperconeretainer944.tbelubricatorsl^ 
948, and the guide 950. During operation of the apparatus 900. the lubricator 
25 sleeve 948 preferably supports the rubber cup 926. Preferabty. the lubricator 
sleeve 948 has a substantially annular cross-section. 

The hU,ricator sleeve 948 may be fabricated from any number of 
conventional commercially available materials such as. for example, steel 
aluminumorcastiron. In a preferred embodiment, the lubricator sleevj 948 
30 fabricated from ahiminmn in order to optimally provide drillabiUty of the 
lubricator sleeve 948. 
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As illustrated in Fig. 9c. the lubricator sleeve 948 is suppi)rted by the 
lubricator mandrel 946. The lubricator sleeve 948 in turn suppom the nibber cup 
926. ■n'e retainer 924 couples the nibber cup 926 to the lubricator sleeve 948 Ina 
preferred embodiment, seals 949a and 949b are provided between the lubricator 

mandrel 946. lubricator sleeve 948. and nibber cup 926 In order toopUmally seal 
off the interior region 972 of the tubular member 902. 

The guide 950 is coupled to the lubricator mandrel 946. the retainer 924. and 
the lubricator sleeve 948. During operation of the apparatus 900. the guide 950 
Pieferably guides the apparatus on the support member 904. Preferably, the guide 
950 has a substantially annular cross-secUon. 

•me guide 950 may be fabricated from any number of conventional 
commercially available materials such as. for example, steel, aluminum or cast 
•ron. In a preferred embodiment, the guide 950 is fabricated fh>m aluminum 
order to optimally provide drillability of the guide 950. 

THe fluid passage 952 is coupled to the mandrel 906. During operation of 
the apparatus, the fluid passage 952 preferably conveys hardenable fluidic 
matenals. In a preferred embodiment, the fluid passage 952 is positioned about 
the centerHne of the apparatus 900. In a particulariy prefened embodiment, the 
fluid passage 952 is adapted to convey hardenable fluidic materials at pressures 
and flow rate ranging from about 0 to 620.52813 bar (0 to 9.000 psi) and 0 to 
1 1356.2355 Htres/minutes (0 to 3.000 gallons/min) in order to optimally provide 
P^ssures and flow rates to displace and circulate fluids during the installation of 
the apparatus 900. 

•fh='«*>» elements Of the mandrel 906 n«y be coupled usl,« any ramiber 
Of conventional process such as, for example, threaded co,«ecdons. welded 

connecuonsorcemenung. In a pnrfened embodiment, the vartous elements of 
ttie mandtel 906 are coupled using threaded connections and cementing 

TT«»''««»P-eferablylncludesahousing954,abodyofcement956.a 
.ealu« Sleeve 958. an extension tube 960. a fluid passage 962. and one or more 
ouUet jets 964. 

The housing 954 is coupled to the body of cement 956 and the lower 
portion914ofthetubularmember902. During operation of the apparatus 900 the 
housing 954preferably couples tiie lower portion of the tubular member 902 to the 
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shoe 908 to fiuaUtate the extrusion and podtiomng of the tubular member 902. 
Preferably, the housing 954 has a substantiaUy annular cross-section. 

The housing 954 may be fabricated ftom any number of conventional 
commerdaUy available materials such as, for example, steel or aluminum. In a 
5 preferred embodiment, the housing 954 is fabricated from aluminum in order to 
optimally provide diillabihty of the housing 954. 

In a particularly preferred embodiment, the interior surface of the housing 
954 includes one or more protrusions to fadliate the connection between the body 
of cement 956 and the housing 954. 

10 T»iebodyofcement956i8coupledtothehousing954,andthesealingsleeve 
968. In a preferred embodiment, the composition of the body of cement 956 is 
selected to permit the body of cement to be easily drilled out using conventional 
drilling machines and processes. 

The composition of the body of cement 956 may include any number of 

15 conventional cement compositions. In an alternative embodiment, a driUable 
material such as, for example, aluminum or iron may be substituted for the bocfy 
of cement 956. 

The sealing sleeve 958 is coupled to the body of cement 956, the extension 
tube 960, the fluid passage 962, and one ormoreoutletjets964. During operation 

20 of the apparatus 900. the sealing sleeve 958 preferably is adapted to conveiy a 
hardenable fluidic material from the fluid passage 952 into the fluid passage 962 
and then into the outlet jets 964 m order to iiyect the hardenable fluidic material 
into an annular region extenud to the tubular member 902. In a preferred 
endx)diment,duringoperetionoftheapparatu8900,thesealingslee^ 

25 i«dude8aninletgeometiythatpemiit8aconventionalplugordart974tobecome 
lodgedintheinletofthe8ealingaIeeve958. In this mamier. the fluid passage 962 
may be blocked therelQr fluidicly isolating the interior region 966 of the tubular 
member 902. 

In a preferred embodiment, the sealing sleeve 958 has a substantially 
30 amiular cross-section. The sealing sleeve 958 miiy be febricated from any number 
of conventional commercially available materials such as, for example, steel, 
ahuninum or cast iron. In a preferred embodiment, the sealmg sleeve 958 is 
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fabricated from aluminum in order to optimally provide driUability of the sealing 
sleeve 958. 

The extension tube 960 is coupled to the sealing sleeve 958. the fluid 
passage 962. and one or more outlet jets 964. During operation of the apparatus 
5 900. the extension tube 960 preferably is adapted to convQr a hardenable fluidic 
material from the fluid passage 952 into the fluid passage 962 and then into the 
outlet jets 964 in order to inject the hai^enable fhiidic material into an annular 
region external to the tubular member 902. In a preferred embodiment, during 
operation of the apparatus 900. the sealing sleeve 960 farther includes an inlet 
10 geometry that permits a conventional plug or dart 974 to become lodged in the 
inlet of the sealing sleeve 958. In this mamxer. the fluid passage 962 is blocked 
thereby fluididy isolating the interior region 966 of the tubular member 902 In 
a preferred embodiment, one end of the extension tube 960 mates with one end of 
the spacer 938 in order to optimally fadliate the transfer of material between the 

two. 
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In a preferred embodiment, the extension tube 960 has a substantially 

amxular cross-section. Theextensiont„be960maybefebricatedfromanynumber 
of conventional commercially available materials such as. for example steel 
alummum or cast iron. In a preferred embodiment, tixe extension tiibe'960 is 
20 fabncated from aluminum in order to optimally provide drillability of the 
extension tube 960. 

'*«fl'^P^M2» copied to the l»altogdee« 958, the ^tension 
tub.960,«doneormo«o»tletjete9«4. During ope™ti<moftheapp.ratue 900 

'^nuWP^m is preftraklycooveyehardenehlenuidic materials. In a 
25 P«f«Tedembodh»ent.thefluidpaaaage 982 ia positioned about the eenterline of 
theappaxatosSOO. a particularly prefen«J embodiment, the fluid paaaage 962 
« adapted to con«y hardenable fluidic materials at preaaure. and flow rate 
r>ng,„g ,io„ abou. 0 .o 620.52813 bar (0 .„ 9.000 psi, and 0 ■„ 1 ,356,2355 (0 «> 3 000 
«a.,o«,m,„, i„ order .o opdmal,, pmvidc fluids op«ado„a,„ cfliciea. ^ 

SO 'n»'»"'te'j«s964arecoupledtothe.ealtogde«e968.theextensiontube 
960, and the fluid paasage 962. During operation of the apparatus 900, the outlet 
jets 964 preferably amy^ hardenable fluidic material fi«m the fluid passage 962 
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to the region erterior of the apparatus 900. In a preferred embodiment, the shoe 
908 includes a pluraHty of outlet jets 964. 

In a preferred embodiment, the outlet jets 964 comprise passages driUed in 

the housing954 and the body ofcement 956 in order to simpUfy the construction 

5 of theapparatiis900. 

The various elements of the shoe 908 m-y be coupled using Miy number of 
eonventionel process such ^. for e^mple, threaded connections, cement or 
n>achmed from one piece of material. In . p„fer,«, embodiment, the various 
elements of the shoe 908 are coupled using cement. 

10 ""'P^^^d^lXHiiment, the assembt, 900 is operated substantially as 

described above vith reference to Fics IJlb>««.. . 

•■oiiuj to ngs. i-B to create a new section of casing in a 

weUbore or to repair a weUbore casing or pipeline. 

In particular, m orter to ertend a weUbore into a subterranean formation 

a dnll string is used in a weU known mamier to driU out material iiom the 
16 subterranean formation to form a new section. 

The apparatus 900 for foxing a wellbore casing m a subterranean 
fermationis then positioned in the new section of the wellhore. InaparticuMy 

preferTedembodiment.theapparatus900inchideethetubularmemher915 In. 
prefeired embodiment, a hard«,able fluidic sealing haM«iahle fhiidic sealing 

20 ■>»'«nal is then pumped from, surfkce location into the nuid passage 918 The 

hardensblenuidicsealingm.terialthanpassesftomthefl„idpass.ge918 into the 
uiWr region 966 of the tubular member 902 below the mand«l 906. 

the fluid passage 962. nie hanienable fhudic sealing material then exits the 
25 a^tus 900 via the outlet j«. 964 «.d fills an annular „gion between the 
e««rmrofthetub«larmemb.r902andtheinteriorw.llofthenewsecttonofthe 
weBbor^ '^"♦^■""Pi'Softhehardenablefluidicsealingmaterialcaus.sthe 
matenal to fill up at least a portion of the annular region. 

'"""'■-k'"Wdic sealing material is preferably a» 
«™i.^.,,^^^^„„„,^^^^^^ ^^^^ 
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and flow rates that are designed for the specific wellbore section in order to 
optimize the di^Iacement of the hardenable fluidic sealing material while not 
creating hi^ enou^ drcolating pressures such that circulation mi^t be lost and 
that could cause the wellbore to collapse. The optimum pressures and flow rates 
5 are preferably determined using conventional empirical methods. 

The hardenable fluidic sealing material may comprise any number of 
conventional commercially available hardenable fluidic sealing materials such as, 
for example, slag mix, cement or eposy. In a preferred embodiment, the 
hardenable fluidic sealing material comprises blended cements designed 

10 specifically for the well section being lined available fi»m Halliburton Energy 
Services in Dallas, TX in order to optimaQy provide support for the new tubular 
member white also mwintaming optimal flow characteristics so as to Tninimj^o 
operational difficulties during the displacement of the cement in the nwnntai. 
region. Theoptimum composition of the blended cements is preferably determmed 

15 using conventional empirical methods. 

The annular region preferably is filled with the hardenable fluidic sealing 
material in sufficient quantities to ensure that, upon radial expansion of the 
tubular member 902, the annular region of the new section of the wellbore will be 
filled with hardenable material. 

20 Oiice the annular region has been adequately filled with hardenable fluidic 

sealing material, a plug or dart 974, or other similar device, preferably is 
introduced into the fluid passage 962 thereby fluidicfy isolatingthe interior region 
966 of the tubular member 902 fix)m the external annular region. Inaprefeired 
embodiment, a non hardenable fluidic material is then pumped into the interior 

25 region 966 causmg the interior region 966 to pressurize. In a particularly 
preferred embodiment, the phig or dart 974, or other similar device, preferably is 
introduced into the fluid passage 962 by introducing the plug or dart 974 , or other 
simflar device into the non hardenable fluidic material. In this maimer, the 
amount of cured material within the interior of the tubular members 902 and 915 

30 is minimized. 

Once the interior region 966 becomes sufficient^ pressurized, the tubular 
members 902 and 915 are extruded off of the mandrel 906. The mandrel 906 may 



be fixed or it may be expandible. During the ertrusion process, the mandrel 906 
IS raised out of the expanded portions of the tubular members 902 and 915 using 

thesupportmember904. During this extrusion process, the shoe 908 is preferably 
substantially stationary. 

5 The plug or dart 974 is preferably placed into the fluid passage 962 by 

introducing the phig or dart 974 into the fluid passage 918 at a surfece location in 
a conventional mam^er. The plug or dart 974 may comprise any number of 
conventional commercially available devices for plugging a fluid passage such as 
forexample,MultipleStageCementer(MSC)l«tch.downplug,Omegaktd^^^ 
10 Pi'^O'tl^wiperktchdownphigmodifiediaaccordanoewiththeteachings 
the present disclosure. ^ a preferred embodiment, the plug or dart 974 comprises 
aMSClatchHiownplugavailablefromHalliburtonEnergyServicesinDallas TX 
After placement of the plug or dart 974 in the fluid passage 962. the non 
hardenable fluidic material is preferably pumped into the interior region 966 at 
15 P-^-- flow rates ranging from approximately 34.473 to 620.52813 bar (500 to 
9^0ps0 and 151.4,64 to n356.2355,itres/™inute(40to3,000gal,^^^^^^^ 
opumallyextrndc the tubular members 902 and 915 ofTof the mandrel 906 

F.. typical tubulax 902 and 915. fl.c cxtn^ion of ^bular menders 902 and .15 off 

^cmj o .he Mb-lar member. 902 ^ „5 ^ „ 

m=»d„, 906 ,s n.sed oo. of fte po^ons of „b„,„ ^ ^'.^ 

P^mgspeed fas, enough ,0 p.™, efflcie„,opc.«o„3.dpe™i.fi.„^^„f^ 
«,™be„ 902 and 9,5 pHor ■„ curing of fte harde^b,. fluidic J,i„g 
30 ^'-^""^ "fop=.«ngpa^«e.,^„,^7™'- 
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When the upper end portion of the tubular member 915 is extruded off of 
the mandrel 906, the outer surface of the upper end portion of the tubular member 
915 wiU preferably contact the interior surface of the lower end portion of the 

existing casing toformanfluidtightoverlappingjoint. The contact pressureofthe 
5 overlapping joint may range, for example, from approximately 3.447379 to U78.95 14 
bar (50 to 20.000 psi). hi a preferred embodiment, the contact pressure of the 
overlapping joint between the upper end of the tubular member 915 and the existing 
section of wellbore casing ranges from approximately 27.579028 to 689.4757 bar (400 to 
1 0.000 psi) in order to optimally provide contact pressure to activate the sealing members 
and provide optimal resistance such that the tubular member 915 existing wellbore casing 
will cany typical tensile and compressive loads. 

Inapreferredembodmient.theoperatingpressureandflowrateofthenon 
hardenable fluidic material will be controUably ramped down when the mandrel 
906 reaches the upper end portion of the tubular member 915. In this manner, the 

15 sudden release of preasmre caused by the complete ertrusion of the tubidar 
member 915 off of the expandable mandrel 906 can be miniaiwd. In a preferred 
embodiment, the operating pressure is reduced in a substantially linear fashion 
from 100% to about 10% during the end of the extnision process beginning when 
the mandrel 906 has completed ^proximately aU but about the last 5 feet of the 

20 extrusion process. 

Inanaltemativepreferredembodmient,theoperatingpressureand/ornow 
rate of the hardenable fluidic sealing material and/or the non hardenable fluidic 
material are controUed during aU phases of the operation of the apparatus 900 to 

25 Altematively,ormcombination.ashockabsorberisprovidedinthe8upport 
member 904 in order to absorb the shock causedbythe sudden release of pressure. 
Alternatively, or in combmation, a mandrel catching structure is provided 

above the supportmember 904 inordertocatchoratleastdecelerate the mandrel 
906. 

30 Once the extrusion process is conq,leted. the mandrel 906 is removed from 

the weUbore.Inapreferred embodiment, either beforeor after the removal of the 
mandrel 906, theintegrityofthe fluidic seal oftheoveriappingjoint between the 



upper portion of the tubular member 915 and the lower portion of the existing 
casing is tested using conventional methods. Ifthefluidic seal of the overlapping 
joint between the upper portion of the tubular member 915 and the lower portion 
of the existing casing is satisfactoiy, then the uncored portion of any of the 

5 hardenablefluidic sealing material within the expanded tubular member 915 is 
then removed in a conventional manner. The hardenable fluidic sealing material 

within the annular region between the expanded tubular member 915 and the 
existing casing and new section of wellbore is then allowed to cure. 

Preferabfy any remaining cured hardenable fluidic sealing material vrithin 

10 the interior of the expanded tubular members 902 and 916 is then removed in a 
conventionalmannerusingaconventionaldrillstring. The resulting new section 
of casing preferably includes tie expanded tubular members 902 and 9 16 and an 
outer annular layer of cured hardenable Huidic sealing materiaL The bottom 
portion of the ^paratus 900 comprising the shoe 908 may then be removed 1^ 

15 drilling out the shoe 908 using conventional drilling methods. 

In an alternative embodiment, during the extrusion process, it m^y be 

necessary to remove the entire apparatus900 from the int««orofthewellboredue 
to a malfunction. In this circumstance, a conventional drill string is used to drill 
out the interior sections of the apparatus 900 in Older to fedlitate the removal of 
20 the remaining sections. In a preferred embodiment, the interior elements of the 
apparatus 900 are febricated from materials such as, for example, cement and 
ahmunum, that permit a conventional drill string to be employed to drill out the 
interior components. 

In particular, in a preferred embodiment, the composition of the interior 

25 sections of the mandrel 906 and shoe 908, including one or more of the body of 
cement 932, the spacer 938, the sealing sleeve 942, the upper cone retainer 944, 
the lubricator mandrel 946, the lubricator sleeve 948. the guide 960, the housing 
964. the body of cement 956, the sealing sleeve 958, and the extension tube 960, 

are selected to permit at least some of these components to be drilled out UBini 
30 conventional drilling meUiods and iqaparatua In this manner, in the event of a 
malftmction downhole, the apparatus 900 may be easily removed from the 
wellbore. 
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Referring now to Pigs. 10a, 10b, 10c, lOd, lOe, lOf, and lOg a method and 
apparatus for creating a tie-back liner in a wellbore wiU now be described. As 
iUustrated in Pig. 10a, a weUbore 1000 positioned in a subterranean formation 
1002 inchides a first casing 1004 and a second casing 1006. 
5 The first casing 1004 preferably includes a tubular liner 1008 and a cement 

annulus 1010. The second casing 1006 preferably inchides a tubular liner 1012 
and a cement annulus 1014. In a preferred embodiment, the second casing 1006 
is formed by expanding a tubular member substantially as described above with 
reference to Figs. l-9c or below with reference to Figs, lla-llf. 

^"particulars preferred embodiment, an upper portion of the tubular 
liner 1012overl^withalowerportionoftbe tubular liner 1008. In a particularly 
preferred embodiment, an outer surfieuie of the upper portion of the tubular liner 
1012 includes one or more sealing members 1016 for providing a fluidic seal 
between the tubular liners 1008 and 1012. 

15 Referring to Fig. 10b, in order to create a tie-back liner that extends fixjm 

tiie overlap between the first and second casings, 1004 and 1006, an apparatus 
1100 is preferably provided that includes an expandable mandrel or pig 1105, a 
tubular member 1110. a shoe 1115, one or more cup seals 1120, a fiuid passage 
1130, a fluid passage 1135, one or more fluid passages 1140. seals 1145, and a 

20 support member 1150. 

The expandable mandrel or pig 1105 is coupled to and supported by tiie 
support member 1150. The expandable mandrel 1105 is preferab^r adapted to 
contiwllably expand in a radial direction. The expandable mandrel 1105 may 
comprise any number of conventional commercially available oqjandable mandrels 
25 modifiedinaccordancewitiitiieteaching8ofthepresentdisclosure.Inapreferred 
embodiment, tiie expandable mandrel 1105 comprises a hydrauUc expansion tool 
substantialfy as disclosed in U.S. Pat. No. 5,348,095, ihe disclosure of which is 

incorporated herein by reference, modifiedmaccordancewitiitiic teachings of tiie 
present disclosure. 

30 The tubular member 1110 is coupled to and supported by tiie expandable 

mandrel 1105. The tubular member 1105 is expanded in tiie radial direction and 
extruded off of tiie expandable mandrel 1105. The tubular member 1110 may be 



^ fabricated from any number of materials such as, for exanji>Je[ :6llfie« GQantij . • 
Tubular Goods. 13 chromium tubing or plastic piping. In a preferred embodiment, 
the tubular member 1 110 Is fabricated from Oilfield Country Tubular Goods. 

The inner and outer diameters of the tubular member 1 1 10 may range, for 
example, from approximately 1.905 to 1 19.38 cms (0.75 to 47 inches) and 2.667 to 
121.92 cms (1.05 to 48 inches), respective^. In a preferred embodiment, the inner 
and outer diameters of tiie tubular member 1110 range from about 7.62 to 39.37 
cms (3 to 15.5 inches) and 8.89 to 40.64 cms (3.5 to 16 inches), respectively in 
order to optimally provide coverage for typical oilfield casing sizes. The tubular 
member 1110 preferably comprises a soUd member. 

In a preferred embodiment, the upper end portion of the tubular member 
1 110 is slotted, perfbialed. or otfierwise modified to catch or slow down the 
mandrel 1 105 when it completes the exUusion of tubular member 1 1 10. In a 
preferred embodiment, the length of the tubular member 1 1 10 is limited to 
minimize the possibility of buckling. For typical tubular member 1110 materials, 
the length of the tubular member 1 1 1 0 is preferably limited to between about 
12. 192 to 6096m (40 to 20,000 feet) in length. 

The shoe 1 1 15 Is coupled to tfie expandable mandrel 1 105 and tfie tubular 
member 1 1 10. Hie shoe 1 115 Includes the fluid passage 1 135. TTie shoe 1 1 15 may 
comprise any number of conventional commercially available shoes such as. for 
example. Super Seal 11 float shoe. Super Seal 11 Down-Jet float shoe or a guide shoe 
wiUi a sealing sleeve for a latch down plug modified in accordance with the 
teachings of ttie present disclosure. In a preferred embodiment, the shoe 1115 
comprises an aluminum down-jet guide shoe wiUi a sealing sleeve for a latch- 
down plug witii side ports radiating off of the exit flow port available from 
Halliburton Energy Sewices in Dallas. TX, modified in accordance vnth the 
teachings of the present disclosure, in order to optimally guide the tubular member 
1 100 to Uie overiap between the tubular member 1 100 and the casing 1012. 
optimally fluidicly isolate tiie interior of the tubular member 1 100 after the latch 
down plug has sealed, and optimally permit drilling out of ttie shoe 1 1 1 5 afler 
completion of the expansion and cementing operations. 

In a preferred embodiment, the shoe 1 1 15 Includes one or more side outiei 
port» 1 140 in fluidlc communication witti the fluid passage 1 135. In this manner. 
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the shoe 1115 injects hardenable fluidic sealing material into the region outside the 
shoe 1115 and tubular member 1110. In a preferred embodiment, the shoe 1115 
includes one or more of the fluid passages 1140 each having an inlet geometry that 
can receive a dart and/or a ball sealing member. In this manner, the fluid passages 
5 1 140 can be sealed offby introducing a plug, dart and/or ball sealing elements mto 
the fluid passage 1130. 

The cup Bealll20 is coupled to and supported by the support member 1150. 
The cup seal 1120 prevents foreign materials firom entering the interior region of 
thetubularmemberlllOa^acenttotheexpandablemandrel 1105. Thecupseal 
10 1120 may comprise any number of conventional commerdaUy available cup seals 
such as. for example. TP cups or Selective Injection Packer (SIP) cups modified in 
accordance with the teachings of the present disclosure. In a preferred 
embodiment, the cup seal 1120 comprises a SIP cup. available from Halliburton 
Energy Services in Dallas. TX in order to optimally provide a barrier to debris and 
15 contain a body of lubricant. 

The fluid passage 1130 permits fluidic materials to be transported to and 
from the interior region of the tubular member 1110 below the expandable 
mandrel 1105. The fluid passage 1130 is coupled to and positioned within the 
support member 1160 and the expandable mandrel 1105. The fluid passage 1130 
20 preferably extends from a position adjacent to the surface to the bottom of the 
expandable mandrel 1105. The fluidpassage 1130 is preferably positioned along 
a centerline of the apparatus 1100. The fluid passage 1130 is preferably selected 
to transport materials such as cement, drilling mud or epoxies at flow rates and 
pressures ranging fiom about 0 to 1 1356.2355 lities/minute (0 to 3.000 gallons/minute) 
25 and 0 to 620.52813 bar (0 to 9.000 psi) in order to optimally provide sufficient operating 
pressures to circulate fluids at operational efficient rates. 

Thefluidpassagell36penaitsfluidicmaterialstobetransmittedfromfluid 
passage 1 130 to the interior of the tubular member 1110 below the mandrel 1105 

The fluid passages 1140 permits fluidic materials to be transported to and 
30 from the region exterior to the tubular member 1110 and shoe 1115. The fluid 
passages 1140 are coupled to and positioned within the shoe 1115 in fluidic 
communication with the interior r^on of the tubular member 1110 below the 
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expandable mandrel 1105. The fluid passages 1140 preferably have a cross- 
sectional shape that permits a plug, or other similar device, to be placed in the fluid 
passages 1140 to thereby block further passage of fluidic materials. In this 
manner, the interior region of the tubular member 1110 below the expandable 
5 mandrel 1105 can be fluidicly isolated from the region exterior to the tubular 
member 1105. This permits the interior region of the tubular member 1110 below 
the expandable mandrel 1105 to be pressurized. 

The fluid passages lUOarepreferably positioned along the peripheiy of the 
shoe 1115. The fluid passages 1140 are preferably selected to convey materials 
10 such as cement, drilling mud or eposes at flow rates and pressures ranging from 
about 0 to 1 1356.2355 Utres/miDute (0 to 3,000 gallonsMiinute) and 0 to 62.52813 bar (0 
to 9.000 psi) in order to optimally fiU the annular region between the tubular member 
1 1 10 and the tubular liner 1008 with fluidic materials. In a preferred embodiment, the 
fluid passages 1 140 include an inlet geometry that can receive a dart and/or a ball sealing 
member. In this manner, the fluid passages 1140 can be sealed off-fay introducing a plug, 
dart and/or ball sealing elements into the fluid passage 1130. In a preferred embodiment.' 
the apparatus 1 100 includes a plurality of fluid passage 1 140. 

In an alternative embodiment, the base of the shoe 1115 includes a single 
inlet passage coupled to the fluid passages 1140 that is adapted to receive a plug, 
20 or other similar device, to permit the interior region of the tubular member 1110 
to be fluidicly isolated from the exterior of the tubular member 1110. 

The seals 1 145 are coupled to and supported by a lower end portion of the 
tubular member 1110. The seals 1145 are fiirther positioned on an outer surface 
of the lower end portion of the tubular member 1110. The seals 1146 permit the 
25 overlapping joint between the upper end portion of the casing 1012 and the lower 
end portion of the tubular member 1110 to be fluidicly sealed. 

The seals 1146 may comprise any number of conventional commercially 
available seals such as. for example, lead, rubber. Teflon™ or epoxy seals modified 
in accordance with the teachings of the present disclosure. In a preferred 

30 embodiment.thesealsll45comprisesealsmoldedfromStratalockepoxyavailable 
from Halliburton Energy Services in Dallas. TX m order to optimally provide a 
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hydrauUcsealintheoverlappingjointandoptimaUyprovideloadcan^^ 
to withstand the range of typical tensile and compressive loads. 

In a preferred embodiment, the seals 1145 are selected to optimally provide 
asufficientfrictionalforcetosupport the expanded tubular memberlllOfrom the 
5 tubular liner 1008. In a preferred embodiment, the frictionalfo«e provided by the 
seals 1 145 ranges from about 68.94757 to 68. 947.57 bar (1.000 to 1,000. 000 Ibf) in tension and 
compression in order to optimally support the expanded tubular member 1110. 

The support member 1150 is coupled to the expandable mandrel 1105 
tubular member 1110. shoe 1115, and seal 1120. The support member 1150 
10 preferably comprises an amiular member having sufficient strength to cany the 
apparatus 1100 into the wellbore 1000. In a preferred embodiment, the support 
member 1160 forther includes one or more conventional centralizers (not 
illustrated) to help stabilize the tubular member 1110. 

In a preferred embodiment, a quantity of lubricant 1150 is provided in the 
15 annular region above the expandable mandrel 1105 within the interior of the 

tubular member 1110. Inthismanner.the extrusion of the tubularmember 1110 
off of the expandable mandrel 1105 is facilitated. The lubricant 1160 may 
eompnse any number of conventional commerdaUy available lubricants such as 
for example Lubriplate™. chlorine based lubricants or Cliinax 1500 Antisieze (3100). 
20 In a preferred embodiment, the lubricant 1160 comprises Climax 1600 Antiseize 
(3100) available fh,m Climax Lubricants and Equipment Co. in Houston. IX in 
order to opthnaUy provide lubrication for the extrusion process. 

^«P"fe"^embodiment.thesupportmemberll60isthoroughlycleaned 
pnor to assembly to the remaining portions of the apparatus 1100. In this 
25 ---.theintroductionofforeignmat^intotheapp^^^ 

Tins minimizes the possibihty of foreign material clogging the various flow 

passagesandvalvesof the apparatusllOO and to ensure thatnoforeignmaterial 
interferes with the expansion mandrel 1105 during the extnasion process 

In a particularly preferred embodiment, the apparatus 1100 inchKies a 
30 packer 1155 coupled to the bottom section of the shoe 1116 for fluidicly isolating 
the region ofthewellborelOOObelowtheapparatus 1100. Inthismanner fluidic 
materials are prevented from entering the region of the weUbore 1000 below the 
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apparatus 1100. The packer 1155 may comprise any number of conventional 
commercially available packers such as, for example, EZ Drill Packer. EZ SV 
Packer or a drillable cement retainer. In a preferred embodiment, the packer 
1155 comprises an EZ Drill Packer available from HalUburton Energjr Services in 
5 Dallas. TX. In an alternative embodiment, a high gel strength piU may be set 

belowthe tie-backinplaceofthepacker 1155. Inanother alternative embodiment, 
the packer 1155 may be omitted. 

In a preferred embodiment, before or after positioning the apparatus 1100 
within the wellbore 1100, a couple of wellbore volumes are circulated in order to 
10 ensure that no foreign materials are located within the weUbore 1000 that might 
clogup the various flow passages and valves of the apparatus 1100 and to ensure 
that no foreign material interferes with the operation of the expansion mandrel 



1105. 



As illustrated in Fig. 10c, a hardenable fluidic sealing material 1 160 is then 
15 pumped from a smtface location into the fluid passage 1130. The material 1160 
then passes from the fluid passage 1130 into the interior region of the tubular 

member 1110 belowtheexpandable mandrel 1105. The materiaineo then passes 
from the interior region of the tubular member 1 110 into the fluid passages 1 140 
The material 1160 then exits the apparatas 1100 and fills the amiular region 
20 between the exterior of the tubular member 1110 and the interior wall of the 
tubular liner 1008. Continuedpumpingof the material 1160 causes the material 
1160 to fill up at least a portion of the annular region. 

nie inaterial 1 160 may be pumped into the ammlar region at pressures and flow rates 
rangmg. for example, from about 0 to 344.73785 bar (0 to 5,000 psi) and 0 to 5678 1177 
25 licres/minute (0 to 1.500 gallons/min). respectively, h a preferred embodiment, the material 
1 160 .s pumped into the annular region at pressure and flow nOes specifically designed for the 
casmg sizes bemg run. the annular spaces being filled, the pumping equipment available, and the 
propert.es of the fluid being pumped. The optimum flow rates and pressures are preferably 
calculated usmg conventional empirical methods. 

30 The hardenable fluidic sealing material 1 160 may comprise any number of 

conventional commerciaDy avaUable hardenable fluidic sealing materials such as 
for example, slag mix. cement or epoxy. In a preferred embodiment, the 



hardenable fluidic sealing material 1160 comprises blended cements specifically 
designed for well section being tied-back, available from Hallibiuton Energy 
Services in Dallas, TX in order to optimal^ provide proper support for the tubular 
member 1110 while Tnaint^iniTig optimum flow characteristics so as to minimize 
5 operational difBculties during the displacement of cement in the sTimilar region. 
The optimtun blend of the blended cements are preferably determined "giTig 
conventional empirical methods. 

The annular region may be filled with the material 1160 in sufficient 
quantities to ensure that, upon radial expansion of the tubular member 1110, the 

10 annular r^on will be filled with material 1160. 

As illustrated in Fig. 1 Od, once the annular region has been adequate^ filled 
with material 1160, one or more plugs 1165» or other sbaular devices, preferably 
are introduced mto the fluid passages 1140 thereby fluidicly isolating the interior 
region of the tubular member 1 1 10 firom the annular region external to the tubular 

15 member 11 10. In a prefored embodiment, a non hardenable fluidic material 1 161 
is then punned into the interior region of the tubular member 1110 below the 
mandrel 1105 causing the interior region to pressurize. In a particularly preferred 
embodiment, the one or more plugs 1165, or other similar devices, are introduced 
into the fluid passage 1140 with the introduction of the non hardenable fluidic 

20 material. In this manner, the amoimt of hardenable fluidic material within the 
interior of the tubular member 1110 is minimized. 

As illustrated in Fig. lOe, once the interior region becomes sufficiently 
pressurized, the tubular member 1110 is extruded ofi*of the eq>andable mandrel 
1105. During the eztnxsion process, the expandable mandrel 1105 is raised out 

25 the expanded portion ofthe tubular member 1110. 

The plugs 1165 are preferably placed into the fluid passages 1140 by 

introdudng thephigs 1165 into the fluid passage 1130 at a surface location in a 

conventional manner. Theplugs 1165 may comprise any number of conventional 

commerdaUy available devices hx>m plugging a fluid passage such as, for example, 

30 brass balls, plugs, rubber balls, or darts modified in accordance with tte 
of the present disclosure. 
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In a preferred embodiment, the plugs 1165 comprise low density rubber 
balls. In an alternative embodiment, for a shoe 1105 having a common central 
inlet passage, the plugs 1165 comprise a single latch down dart. 

After plac«ncm of the plugs 1165 in a« fluid passages 1140. the non hardenable fluidic n>a.eriaJ 
5 1161 « preferably punned into d« interior region of the tubular member 1110 below the mandrel 1 105 a. 
pressures and flow rates ranging from approximately 34.473 to 620.52813 bar (500 ,o 9.000 psi) and 
•51.4164 to .13. 562.355 Utxes/minute (40 to 30.000 gallons/min). ,n a preferred embodiment, after 
placement of the plugs 1165 in the fluid passages 1140. .he non haxdenablc fluidic material 1,61 is 
preferably pmnped into the interior region of the tubular member 1110 below the mandrel 1105 at 
pressures and flow rates ranging from apptoximately 82.737 to 586.0543 bar (1200 to 8500 psi) and 
15. 4.64 to 4731.7648 litres/minute (40 to 1250 gal,ons/h,in, in order to optimally provide extn^.on of 
typical tubuiars. 

For typical Uibular members 1 1 10. the extrusion of the tubular member 1 110 off 
of the expandable mandrel 1 1 05 will begin when the pressure of the interior region of the 
tubular member 1110 below the mandrel 1 105 .^hes. for example. appn,ximately 
82.737 to 586.0543 bar (1200 to 8500 psi). In a preferr^ embodiment, the extmsion of 
the tubular member 1110 off of the expandable mandrel 1 1 05 begins when the pressure 
of the mtenor region of the tubular member 1110 below the mandrel 1 105 reaches 
approxmiately 82.737 to 586.0543 bar (1200 to 8500 psi). 

During the extrusion process, the expandable mandrel 1 105 may be raised out of 
the expanded portion of the tubular member 11 1 0 at rates ranging, for example, from 
20 about 0 to 1.524 m/s(0 to 5 ft/sec). In a pn^ferred embodiment, during the extmsion 
process, the expandable mandrel II 05 is raised out of the expanded portion of the tubular 
member 1 1 1 0 at rates ranging from about 0 to 0.6096 m/s (0 to 2 ft/sec) in order to 
optimally provide permit adjustment of opetational parameters, and optimally ensure that 
the extrusion process will be completed before the material 1 160 cures 
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In a preferred embodiment, at least a portion 1180 of the tubular member 

lllOhasanintemaldiameterless than the outside diameterofthemandrelllOS 

'^*«°^«->whenthemandrelll05expandsthesectionll80ofthetubular 
30 member 1110. at least a portion of the expanded section 1180 effects a seal with 

atleasttheweUborecasingl012. In a particularly preferred embodiment, the seal 

is effected by compressingtheseablOiebetween the expanded section 1180 a^^ 



the wellbore casing 1012. In a preferred embodiment, the contact pressure of the 
ioinl between the expanded section 1 1 80 of the hibular member 11 1 0 and the 
casing 1012 ranges from about 34.473785 to 689.6757 bar (500 to 10.000 psi) in 
order to opOmally provide pressure to activate the sealing members 1145 and 
provide optimal resistance to ensure that the joint wiB withstand typical extremes 
of tensile and con4>ressh^e loads. 

In an alternative preferred embodiment, substantially all of the entire length 
of the tubular member 1 1 10 has an internal diameter less than the outside 
diameter of the mandrel 1105. In this manner, extmsion of the tubular member 
mo by the mandrel 1 105 results in contact between substanOally all of the 
expanded tubular member II 10 and the existing casing 1008. Inapreferred 
embodiment, the contact pressure of the joint between tiie expanded tubular 
member 1 1 lOand tiie casings 1008 and 1012 ranges from about 34.473785 to 
689.6757 bar (500 to 1 0.000 psi) in order to optimally provide pressure to activate 
the sealing members 1 145 and provide optimal resistance to ensure that the joint 
will withstand typical extremes of tensile and compressive loads. 

In a prefen^ed embodiment, the operating pressure and flow mte of the 
material 1 161 is controllably ramped down when the expandable mandrel 1 105 
reaches the upper end portion of the tubular member 1 1 10. In Uiis manner the 
sudden release of pressure caused by the complete extmsion of the tubular 

member lllOoffoftheexpandablemandrel llOScanbe minimized. Ina 
preferred embodiment, the operating pressure of the fluidic material 1 161 is 
reduced in a substantially linear fashion from 100% to about 10% during Uieendof 
the extmsion process beginning when the mandrel 1 105 has completed 
approximately all but about 1 .524m (5 feet) of the extmsion process. 

Alternatively, or in combination, a shocic absori^er is provided in the support 
member 1 150 in order to absorb the shoclc caused by the sudden release of 
pressure. 

Alternatively, or in combination, a mandrel catching structure is provided in 
the upper end portion of the tubular member 11 10 In order to catch or at least 
decelerate the mandrel 1 105. 



Referring to Fig. lOf, once the extrusion process is completed, the 
expandable mandrel 1105 is removed from the wellbore 1000. In a pref(OTed 
embodiment, either before or after the removal of the esqpandable mandrel 1105, 
the integrity of the fhudic seal of the joint between the upper portion of the 
5 tubular member 1110 and the upper portion of the tubular liner 1108 is tested 
tising conventional methods. If the fluidic seal of the joint between the upper 
portion of the tubular member 1110 and the upper portion of the tubular liner 
1008 is satisfactory, then the imcured portion of the material 1160 within the 
eiqumded tubular member 1110 is then removed in a conventional manner. The 
10 material 1160 witiiin the annular r^on between the tubular member 1110 and 
the tubular liner 1008 is then allowed to cure. 

As illustrated in Fig. lOf, preferabfy any remaining cured material 1160 
within the interior of the expanded tabular member 1110 is then removed in a 
conventional manner usinga conventional drill string. The resultingtie-back liner 
15 of casing 1170 indndes the expanded tuhular member 1110 and ati miter anmilgr 
layer 1175 of cured material 1160. 

As illustrated in Fig. lOg, the remaining bottom portion of the apparatus 
1100 comprising the shoe 1115 and packer 1155 is then preferably removed by 
drilling out the shoe 1115 and packer 1155 using conventional drilling methods. 
20 In a particularly preferred embodiment, the aiquuratus 1100 incorporates 

the apparatus 900. 

ReferringnowtoFigs. lla-llf, an embodiment of ani^paratus and method 
for hanging a tubular liner offof an existing wellbore casingwill now be described. 
As illustrated in Fig. 11a, a wellbore 1200 is positioned in a subterranean 
25 formation 1205. The wdlbore 1200 inchidesanexistingcased section 1210 havi^ 
a tubular casing 1215 and an annular outer layer of cement 1220. 

In order to extend the wellbore 1200 into the subterranean formation 1205, 
a drill string 1225 is used in a well known manner to drill out material from the 
subterranean fommtion 1205 to form a new section 1230. 
30 As illustrated in Fig. lib, an apparatus 1300 for forming a wellbore casing 

in a subterranean formation is then positioned in the new section 1230 of the 
wellbore 100. The apparatus 13QQ prefemh^ iTifthiiiftft an M pntiHoK lA Tf^ up clr?] OT 
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pig 1305, atubular member 1310, ashoe 1315, a Huid passage 1320, a fluid passage 
1330, a fluid passage 1335, seals 1340, a support member 1345, and a wiper plug 
1350. 

The expandable mandrel 1305 is coupled to and supported by the support 
5 member 1345. The expandable mandrel 1305 is preferably adapted to controUably 
expand in a radial direction. The expandable mandrel 1305 may comprise any 
number of conventional commercially available expandable mandrels modified in 
accordance with the teachings of the present disclosure. In a preferred 
embodiment, the expandable mandrel 1305 comprises a hydraulic expansion tool 
10 substantially as disclosed in U.S. Pat No. 5,348,096, the disclosure of which is 
incorporated hereinby reference, modified in accordance with the teachings of the 
present disclosure. 

. The tubular member 1310 Is coupled to and supported by the expandable 
mandrel 1305. The tubular member 1310 is preferably expanded in the radial 

15 direction and extruded off of the expandable mandrell305. The tubular member 
1310 may be fabricated from any number of materials such as, for example, Oilfield 
Country Tubular Goods (OCTG), 13 chromium steel tubing/casing or plastic 
casing. In a preferred embodiment, the tubular member 1310 is fabricated from 
OCTG. The inner and outer diameters of the tubular member 1310 may range, for 

20 example, from approximately 1.905 to 1 19.38 cms (0.75 to 47 inches) and 2.667 to 
1 2 1 .92 cms ( 1 .05 to 48 inches), respectively. In a prefeired embodiment, the inner and 
outer diameters of the tubular member 1310 range from about 7.62 to 39.37 cms (3 to 
15.5 inches) and 8.89 to 40.64 cms (3.5 to 16 inches), respectively in order to optimally 
provide minimal telescoping effect in the most commonly encountered wellbore sires. 

25 In a preferred embodiment, the tubular member 1310 includes an upper 

portion 1355, an intermediate portion 1360, and a lower portion 1365. In a 

preferred embodiment, the wall thickness and outer diameteroftheupper portion 
1355 of the tubular memberI3I0nmge from abou.0.375to3.81 cms(3/8to 1 --4 inches) and 8.89 to 40.64 
cms (3 54 to 16 inches), respectively. 1„ a preferred embodiment, the wall thickness and outer diameter of 
30 the intermediate portion 1360 of the tubuhr member 1310 range fh,m about 1.5825 to 1.905 cms (0.625 to 
0.75 inches) and 7.62 to 48.26 cms (3 to 19 inches), respectively. In a preferred embodiment, the wall 
thickness and outer diameter of the lower portion 1365 of 
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the tubular member 1310 range from about 0.375 to 3.81 cms (3/8 to 1.5 inches) 
and 8.89 to 40.64 cms (3.5 to 16 inches), respectively. 

In a particularly preferred embodiment, the wall thickness of the 
intermediate section 1360 of the tubular member 1310 is less than or equal to the 
wall thickness of the upper and lower sections, 1355 and 1365, of the tubular 
member 1310 in order to optimally faciliate the initiation of the extmsion process 
and optimally permit the placement of the apparatus in areas of the wellbore 
havirtg tight clearances. 

The tubular member 1310 preferably comprises a solid member. In a 
preferred embodiment, the upper end portion 1355 of the tubular meml>er 1310 is 
slotted, perforated, or otherwise modified to catch or slow down the mandrel 1305 
when it completes the extrusion of tubular member 1310. In a preferred 
embodiment, the length of the tubular member 1310 is limited to minimize the 
possibility of buckling. For typical tubular member 1310 materials, the length of 
the tubular member 1310 is preferably limited to between about 12.192 to 6096 m 
(40 to 20.000 feet) in length. 

The shoe 1315 is coupled to the tubular member 1310. The shoe 1315 
preferably includes fluid passages 1330 and 1335. The shoe 1315 may comprise 
any number of conventional commercially available shoes such as, for example, 
Super Seal II float shoe. Super Seal II Dowm-Jet float shoe or guide shoe with a 
sealing sleeve for a latch-down plug modified in accordance with the teachings of 
the present disclosure. In a preferred embodiment, the shoe 1315 comprises an 
aluminum dovm-jet guide shoe with a seeding sleeve for a latch-down plug 
available from Halliburton Energy Sendees in Dallas, TX, modified in accordance 
with the teachings of the present disclosure, in order to optimally guide the tubular 
member 1310 into the wellbore 1 200, optimally fluidicly isolate the interior of the 
tubular member 1310, and optimally permit the complete drill out of the shoe 1315 
upon the completion of the extmsion and cementing operations. 

In a preferred embodiment, the shoe 1315 further includes one or more side 
outlet ports in fluidic communication with the fluid passage 1330. In this manner, 
the shoe 1315 preferably injects hardenable fluidic sealing material into the region 
outside the shoe 1315 and tubular member 1310. In a prefen^ed embodiment, the 
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shoe 1315 includes the fluid passage 1330 having an inlet geometry that can 
receive a fluidic sealing member. In this manner, the fluid passage 1330 can be 
sealed oif by introducing a plug, dart and/or ball sealing elements into the fluid 
passage 1330. 

5 The fluid passage 1320 permits fluidic materials to be transported to and 

from the interior region of the tubular member 1310 below the expandable 
mandrel 1305. The fluid passage 1320 is coupled to and positioned within the 
support member 1345 and the expandable mandrel 1305. The fluid passage 1320 
preferably extends from a position acUacent to the surface to the bottom of the 
10 expandable mandrel 1305. The fluid passage 1320 is preferably positioned along 
a centerline of the apparatus 1300. The fluid passage 1320 is preferably selected 
to transport materials such as cement, drilling mud, or epoxies at flow rates and 
pressures ranging from about 0 to 1 1356.2355 litres/minute (0 to 3.000 gallons/minute) 
and 0 to 620.52813 bar (0 to 9,000 psi) in order to optimally provide suflRcient operating 
jg pressures to circulate fluids at operationally efiicient rates. 

The fluid passage 1330 permits fluidic materials to be transported to and 
from the region exterior to the tubular member 1310 and shoe 1315. The fluid 
passage 1330 is coupled to and positioned within the shoe 1315 in fluidic 
communication with the interior region 1370 of the tubular member 1310 below 

20 the expandable mandrel 1305. The fluid passage 1330 preferably has a cross- 
sectional shape that permits a plug, or other similar device, to be placed in fluid 
passage 1330totherebyblockfurtherpas8ageoffluidicmaterial8. In this manner, 
the interior region 1370 of the tubular member 1310 below the expandable 
mandrel 1305 can be fluididy isolated from the region exterior to the tubular 

25 member 1310, This permits the interior region 1370 of the tubular member 1310 
below the expandable mandrel 1305 to be pressurized. The fluid passage 1330 is 
preferably positioned substantially along the centerline of the apparatus 1300. 

The fluid passage 1330 is preferably selected to convey materials such as 
cement, drilling mud or epoxies at flow rates and pressures ranging from about 0 to 1 1 356 2355 

30 litresAninute (0 to 3.000 gallons/minute) and 0 to 620.52813 bar (0 to 9,000 psi) in order to 
optimally fiU the annular region between the tubular member 1310 and the new section 1230 of 
the wellbore 1200 wiA fluidic materials. In a preferred embodiment, the fluid passage 1330 



includes an inlet geometry that can receive a dart and/or a ball sealing member. 
In this manner, the fluid passage 1330 can be sealed off by introducing a plug, dart 
and/or ball sealing elements into the fluid passage 1320. 

The fluid passage 1335 permits fluidic materials to be transported to and 
6 from the region exterior to the tubular member 1310 and shoe 1315. The fluid 
passage 1335 is coupled to and positioned within the shoe 1315 in fluidic 
communication with the fluid passage 1330. The fluid passage 1335 is preferably 
positioned substantially along the centerline of the apparatus 1300. The fluid 
passage 1335 is preferably selected to convey materials such as cement, drilling 
10 mud or epoxies at flow rates and pressures ranging firom about 0 to 1 1356.2355 

litres/minute (0 to 3,000 gallons/minute) and 0 to 620.52813 bar (0 to 9,000 psi) in order 
to optimally fill the annular region betwewi the tubular member 1310 and the new section 
1230 of the wellbore 1200 with fluidic materials. 

The seals 1340 are coupled to and supported by the upper end portion 1355 
15 of tiie tubular member 1310. The seals 1340 are furtiier positioned on an outer 
surface of the upper end portion 1355 of the tubular member 1310. The seals 1340 
permit the overlapping joint between the lower end portion of tiie casing 1215 and 
the upper portion 1355 of the tubular member 1310 to be fluidicly sealed. The 
seals 1340 may comprise any number of conventional commeitaally available seals 
20 such as, for example, lead, mbber, Teflon™, or epoxy seals modified in accordance 
witiitiieteachingsofUiepresentdisclosuie. In a preferred embodiment, the seals 
1340 comprise seals molded from Stratalock epojgr available from Halliburton 
Energy Services in Dallas, TX in order to optimally provide a hydrauHc seal in tiie 

annulusoftiieoverlappingjointwhilealsocreatingoptimalloadbearingcapabiliiy 
25 to withstand typical tensile and compressive loads. 

In a preferred embodiment, tiie seals 1340 are selected to optimaUy provide 

asuffldentftictionalforce to support tiie expanded hibularmemberl310from the 
existing casing 1215. In a preferred embodiment, the frictional force provided by 
the seals 1340 ranges fiom about 68.94757 to 68,947.57 bar (1,000 to 1.000.000 Ibf) in 
30 order to optimally support the expanded tubular member 1310. 

The support member 1346 is coupled to tiie expandable mandrel 1305. 
tubular member 1310. shoe 1315, and seals 1340. The support member 1345 
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preferably comprises an annular member having sufficient strength to cany the 
apparatus 1300 into the new section 1230 of the weUbore 1200, In a preferred 
embodiment, the support member 1346 further includes one or more conventional 
centralizers (not iUustrated) to help stabilize the tubular member 1310. 
5 In apreferred embodiment, the support member 1345 is thoroughly cleaned 

prior to assembly to the remaining portions of the apparatus 1300. In this 
manner, the mtroduction of foreign material into the apparatus 1300 is minimized- 
This mtntmiVpa the possibmiy of foreign material clogging the varioiis flow 
passages aiid valves of the apparatus 1300 and to ensure that no foreign material 

10 interferes with the expansion process. 

The wiper plug 1350 is coupled to the mandrel 1305 within the interior 
region 1370 of the tubular member 1310. The wiper plug 1350 includes a fluid 
passage 1375 that is coupled to the fluid passage 1320. The wiper plug 1350 may 
comprise one or more conventional commercially available wiper plugs such as, for 

15 example, Multiple Stage Cementer latch^own plugs, Omega latch-down plugs or 
three-wiper latch-down plug modified in accordance with the teachings of the 
present disclosure. In a preferred embodiment, the wiper plug 1350 comprises a 
Multiple Stage Cementer latch-down plug available from Halliburton Energy 
Services in Dallas, TX modified in a conventional manner for releasable 

20 attachment to the eiqiansion mandrel 1305. 

In a preferred embodiment, before or after positioning the apparatus 1300 
within the new section 1230 of the weUbore 1200, acouple of weUbore vohmiesare 
circulated in order to ensure that no foreign materials are located within the 
weUbore 1200 that might dog up the various flow passages and valves of the 

25 apparatus 1300 and to ensure that no foreign material interferes with the 
extrusion process. 

As illustrated in Fig. 1 Ic, a hardenable fhiidic sealing material 1380 is then 
pumped from a surface location into the fluid passage 1320. The material 1380 
then passes from the fhiid passage 1320, through the fluid passage 1375, and into 
30 the interior region 1370 of the tabular member 1310 below the expandable 
mandrel 1305. The material 1380 then passes from the hitnior r^ion 1370 into 
the fluid passage 1330. The material 1380 then exits the apparatus 1300 via the 
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fluid passage 1335 and fiUs the annular region 1390 between the exterior of the 
tubular member 1310 and the interior waU of the new section 1230 of the weUbore 
1200. Continued pumping of the material 1380 causes the material 1380 to fiU up 
at least a portion of the aimular region 1390. 
5 The material 1 380 may be pumped into the annular region 1 390 at pressures and flow 

rates ranging, for example, from about 0 to 344.73785 bar (0 to 5000 psi) and 0 to 5678.1 177 
litres/minute (0 to 1,500 gallons/min), respectively. In a preferred embodiment, the material 
1 380 is pumped into the annular region 1 390 at pressures and flow rates ranging from about 0 to 
344.73785 bar (0 to 5000 psi) and 0 to 5678.1 1 77 litres/minute (0 to 1 .500 gallons/min), 
respectively, in order to optimally fill the annular region between the tubular member 1310 and 
10 the new section 1230 of the wellborc 1200 with the haixienabie fluidic sealing material 1380. 

The hardenable fluidic sealing material 1380 may comprise any number of 
conventional commercially available hardenable fluidic sealing materials such as, 
for example, slag mix, cement or epoxy. In a preferred embodiment, the 
15 hardenable fluidic sealing material 1380 comprises blended cements designed 
specifically for the weU section being drilled and available from Halliburton Energy 
Services in order to optimaUy provide support for the tubular member 1310 during 
displacementofthe material 1380 in the annular region 1390. The optimum blend 
of the cement is preferably determmed using conventional empirical methods. 
20 The annular region 1390 preferably is filled with the material 1380 in 

sufficient quantities to ensure that, upon radial expansion of the tubular member 
1310, the annular region 1390 of the new section 1230 of the weUbore 1200 wiUbe 
filled with material 1380. 

AsillustratedinFig. lid, once the annular region 1390 has been adequately 
25 fiUed with materia] 1380. a wiper dart 1395, or other similar device, is introduced 
intothefluidpassage 1320. The wiper dart; 1395 is preferably pumped through the 
fluid passage 1320 by a non hardenable fluidic material 1381. The wiper dart 1395 
then preferably engages the wiper plug 1350. 

As illustrated in Fig. lie, in a preferred embodiment, engagement of the 
30 wiper dart 1395 with the wiper plug 1360 causes the wiper plug 1350 to decouple 
from the mandrel 1305. The wiper dart; 1395 and wiper phig 1350 then preferably 
WiU lodge in the fluid passage 1330. thereby blocking fluid flow through the fluid 



passage 1330, and fluididy isolating the interior region 1370 of the tubular 
member 1310 from the anniilar region 1390. In a preferred embodiment, the non 
hardenable fluidic material 1381 is then pumped into the interior region 1370 
causing the interior region 1370 to pressurize. Once the interior region 1370 
6 becomes sufficiently pressurized, the tubular member 1310 is extruded off of the 
expandable mandrel 1305. During the extrusion process, the expandable mandrel 
1305 is raised out of the expanded portion of the tubular member 1310 by the 
support member 1345. 

The wiper dart 1395 is preferably placed into the fluid passage 1320 by 
10 introducing the wiper dart 1395 into the fluid passage 1320 at a surface location 
in a conventional manner. The wiper dart 1395 may comprise any nimiber of 
conventional commercially available devices from plugginga fluid passage such as, 
for example, Multiple Stage Cementer latch^own plugs, Omega latch-down plugs 
or three wiper latch-down plug/dart modified in accordance with the teachings of 
15 the present disclosure. In a preferred embodiment, the wiper dart 1395 comprises 
a three wiper latch-down phig modified to latch and seal in the Mviltiple Stage 
Cementer latch down plug 1350. The three wiper latch-down plug is available 
from Halliburton Energy Services in Dallas, TX. 

After blocking the fluid passage 1330 using the vnper plug 1330 and wiper 
20 dart 1395, the non hardenable fluidic material 1381 may be pumped into the 
interior r^on 1370 at pressures and flow rates ranging, for example, fit>m 
approximately 0 to 344.73785 bar (0 to 5000 psi) and 0 to 5678.1 177 litres/minute (0 to 
1500 gallons/min) in order to optimaUy extrude the tubular member 1310 ofl-of the 
mandrel 1305. In this manner, the amount of hardenable fluidic material within the 
2g interior of the tubular member 1 3 1 0 is minimized. 

In a preferred embodiment, after blocking the fluid passage 1330. the non hardenable 
fluidic material 1381 is preferably pumped into the interior region 1370 at pressures and flow 
rates ranging from approximately 34.473 to 620.52813 bar (500 to 9,000 psi) and 151.4164 to 
11356.2355 liHes/minute (40 to 3.000 gallons/min) in order to optimally provide opemting 
pressures to maintain the expansion process at rates sufficient to pemut adjustments to be made 
30 in operating parameters during the extrusion process. 
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For typical tubular members 1310. the extrusion of the tubular member 
1310 off of the expandable mandrel 1305 wiU begin when the pressure of the 

interior region 1370 reaches, for example, approximately 34.473 to 620.52813 bar (500 to 9,000 psi). In a 

preferred embodiment, the extrusion of the tubular member 1310 off of the 
5 expandable mandrel 1305 is a function of the tubular member diameter, wall 
thickness of the tubular member, geometry of the mandrel, the lype of lubricant, 
the composition of the shoe and tubular member, and the yield strength of the 
tubular member. The optimum flow rate and operating pressures are preferably 
determined using conventional empirical methods. 
10 During the extrusion process, the expandable mandrel 1305 may be raised 

out of the expanded portion of the tubular member 1310 at rates ranging, for 
example, fiom about 0 to 1.524m/s(0to5fl/sec). In a preferred embodiment, during' 
the extrusion process, the expandable mandrel 1 305 may be raised out of the expanded 

pomon of the tubular member 131 0 at rates ranging from about 0 to 0.6096 m (0 to 2 
ft/sec) in order to optimally provide an efficient process, optimally permit operator 
adjustoient of operation parameters, and ensure optimal completion of the extmsion 
process before curing of the material 1380. 

When the upper end portion 1355 of the tubular member 1310 is extmdcd off of 
the expandable mandrel 1305. the outer surface of the upper end portion 1355 of the 
tubular member 1 3 1 0 will preferably contact the interior surface of the lower end portion 
20 ofthe casing 1215 to form an fluid tight overlappingjoint the contact pressure of the 
overlappmg jomt may range, for example, from approximately 3.447379 to 1 278 95 14 
bar (50 to 20.000 psi). In a preferred embodiment, the contact pressure ofthe' 
overlappingjoint ranges from approximately 27.579028 to 689.4757 bar (400 to 10 000 
ps.) m order to optimally provide contact pressure sufficient to ensure amiular sealing 

««d l«>v>de enough resistance to withstand typicd tensile and compressive loa^ In a 
parucularly preferred embodiment, the seaUng members 1340 will ensure an adequate 
flmdic and gaseous seal in the overlappingjoint. 

In a preferred embodiment, the operating pressure and flow rate of the non 
hardenable fluidic material 1381 is controllably ramped down when the expandable 
mandrel 1305 teaches the upper end portion 1355 ofthe tubular member 1310. In this 
mamier. the sudden release of pressure caused by the complete extrusion 



of the tubular member 1310 ofif of the expandable mandrel 1305 can be minimized. 
In a preferred embodiment, the operating pressure is reduced in a substantially 
linear fashion from 100% to about 10% during the end of the extrusion process 
b^[inning when the mandrel 1305 has completed approximately aU but about 5 
5 feet of the extrusion process. 

Altemativety, or in combination, a shock absorber is jnrovided in the siqjport 
member 1345 in order to absorb the shock caused 1^ the sudden release of 
pressure. 

Altonatively, or in combination, a mandrel catching structure is provUed 

10 in the upper end portion 1365 of the tubular member 1310 in order to catch or at 
least decelerate the mandrel 1305. 

Once the extrusion process is completed, the expandable mandrel 1305 is 
removed from the wellbore 1200. In a preferred embodiment, either before or after 
the removal of the expandable mandrel 1305, the integrity of the fluidic seal of the 

15 overlappingjoint between the upper portion 1355 ofthe tubular member 1310 and 
the lower portion of the casing 1215 is tested using conventional methods. If the 
fluidic seal ofthe overlappingjoint between the upper portion 1355 ofthe tubular 
member 1310 and the lower portion of the casing 1215 is satisfactoiy, then the 
uncured portion of the material 1380 within the expanded tubular member 1310 

20 is then removed in a conventional manner. The material 1380 within the annular 
region 1390 is then allowed to cure. 

As ilhistrated in Pig. llf, preferably any remaining cured material 1380 
within the interior of the expanded tubular member 1310 is then removed in a 
conventional manner using a conventional drill string. The resulting new section 

25 ofcaaing 1400 faichides the expanded tubular member 1310 and an outer annular 
layer 1405 of cured material 305. The bottom portion of the apparatus 1300 
comprisingthe shoe 1315 may then be removed by drilling out the shoe 1315 using 
conventional drilling methods. 

A method of creating a casing in a borehole k)cated in a subterranean 
JO formationbasbeendeacribedthatinchidesinstallingatubuUfflinerandamandrel 
in the borehole. A body offhildic material is then injected into the borehole. The 
tubular liner is than radially expanded Iqr extruding the liner off of the mandrel. 



The injecting preferably includes injecting a hardenable fluidic sealing material 
into an annular region located between the borehole and the exterior of the 
tubular liner; and a non hardenable fluidic material into an interior region of the 
tubular liner below the mandrel. The method preferably includes fluidicly isolating 
the annular region from the interior region before injecting the second quantity of 
the non hardenable sealing material into the interior region. The injecting the 
hardenable fluidic sealing material is preferably provided at operating pressures 
and flow rates ranging from about 0 to 344.73785 bar (0 to 5000 psi) and 0 to 
567. 1 1 77 litres/minute CO to 1 ,500 gaOons/min). The injectii^ of the non 
hardenable fluidic material is preferably provided at operating pressures and flow 
rates ranging from about 34.473 to 620.52813 bar (500 to 9000 psi) and 151.4164 to 
1 1356.2355 litres/minute (40 to 3,000 gallons/min). The injecting of the non 
hardenable fluidic material is preferably provided at reduced operating pressures 
and flow rates during cin end portion of the extniding. The non hardenable fluidic 
material is preferably injected below the mandrel. The method includes 
pressurizing a r^ion of the tubular liner below the mandrel. The region of the 
tubular Bner below the mandrel is preferably pressurized to pressures ranging from 
about 34.473 to 620.52813 bar (500 to 9,000 psi). The method preferably includes 
fluidicly isolating an interior region of the tubular liner from an exterior region of 
the tubular liner. The method further preferably Includes curing the hardenable 
sealing material, and removing at least a portion of the cured sealing material 
located within the tubular liner. The method further preferably includes 
overlapping the tubular liner with an existing weUbore casing. The meUiod further 
preferably includes sealing the overiap between tiie tubular liner and the existing 
wellbore casing. The method further preferably includes supporting the extruded 
tubular liner using the overiap with the existing wellbore casing. The method 
further preferably includes testing the integrity of the seal in the overiap between 
the tubular liner and the existing wellbore casing. The method further preferably 
includes removing at least a portion of Oie hardenable fluidic sealing material 
within the tubular liner before curing. The method further preferably includes 
lubricating the surface of the mandrel. The method further preferably includes 
absMbing shock. The method further preferably includes catching tiie mandrel 
uporr the completion of the extmding. 
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An apparatus for creating a casing in a borehole located in a subterranean 
formation has been described that includes a support member, a mandrel, a 
tubular member, and a shoe. The support member includes a fust fluid passa^. 

The mandrel iscoupled to the supportmemberandincludesasecondfluid passage. 
5 Thetubularmemberiscoupledtothemandrel. The shoe is coupled to the tubular 
linerandincludesathirdfluidpassage. The first, second and third fluid passages 
are operably coupled. The support member preferably farther includes a pressure 
relief passage, and a flow control valve coupled to the first fluid passage and the 
pressure reUef passage. Ilie support member farther preferably includes a shock 
10 absorber. The support member preferably includes one or more sealing members 
adapted topreventforeignmaterialfi^enteringaninteriorregionof the tubular 
member. The mandrel is preferably expandable. The tubular member is 

preferably fabricatedfi.,mmaterials selected from the group consistingof Oilfield 
CounUyTubularGoods,13chromiumsteeltubing/casing.andplasticcasing. The 

15 tubular member preferably has inner and outer .Wters ranging from about 7.62 to 39.37 cms (3 to 15 5 
inches, and 8.89 to 40.64 cms (3.5 to 16 inches), respectively. TT.e tubular member preferably has a plastic 
y.eld pom. nmging fiom about 275.9028 to 9307.92195 bar (40.000 to 135.000 psi). n« mbular 

member preferably includes one or more sealing members at an end portion The 
tubular member preferably includes one or more pressure reUef holes at an end 
20 portion. The tubular member preferably includes a catching member at an end 
portion for slowing down the mandrel. The shoe preferably includes an mlet port 
coupled to the third fluid passage, the inlet port adapted to receive a plug for 
blocking the inlet port The shoe preferably is drillable. 

Amethodofjoiningasecondtubularmembertoafirsttubularmember.the 
26 fi«ttub«larmemberhavinganinnerdiametergreaterthananouterdiameterof 
the second tubular member, has been described that includes positioning a 
mandrel within an interior region of the second tubular member, positioning the 
first and second tubular members in an overlapping relationship, pressuri^mg a 
portion of the interior region of the second tubular member; and ertruding the 

30 ^econdtubularmemberofrofthemandrelintoengagementwithttiefirsttubular 
member. The pressurizing of Uie portion of the interior region of the second 

tobularmemberispreferablyprovidedatoperatingpressuresrangingfromabout 
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34.473 to 620.52813 bar (500 to 9,000 psi). The pFessuitcing of the ponion of the interior region of the 
second tubular member is preferably provided at reduced operating pressures 
during a latter portion of the extruding. The method further preferably inchides 
sealing the overlap between the first and second tubular members. The method 
5 further preferably includes supporting the extruded first tubular member using 
the overlap with the second tubular member. The method further preferably 
includes lubricating the surface of the mandrel. The method further preferably 
includes absorbing shock. 

Alinerforuse in creatinganewsectionof wellbore casing inasubterranean 
10 formation a4jacent to an akeady existing section of wellbore casing has been 
described that inchides an annular member. The annular member includes one or 
more sealing members at an end portion of the annular member, and one or more 
pressure relief passages at an end portion of the annular member. 

A weUbore casing has been described that includes a tubular liner and an 
15 annularbodyofacuredfluidicsealingmaterial. The tubular liner is formed by the 
process of extruding the tubular liner off of a mandrel. The tubular Uner is 
preferably formed by the process of placing the tubular liner and mandrel within 
the weUbore, and pressurizing an interior portion of the tubular liner. The 
annular body of the cured fluidic sealing material is preferably formed by the 
20 process of injecting a body of hardenable fluidic sealing material into an annular 
region external of the tubular liner. During the pressurizing, the interior portion 
of the tubular liner is preferably fiuididy isolated fi^m an exterior portion of the 
tubular liner. The interior portion of the tubular liner is preferably pressurized 
to pressures ranging &om about 34.473 to 620.52813 bar (500 to 9,000 psi). IT* tubularKner preferably 

25 overlapswithanexistingweUborecasing. The wellbore casing preferably further 

indudesaseal positioned in the overlapbetween the tubular liner and the existing 
wellbore casing. Tubular liner is preferably supported the overlap with the 
existing wellbore casing. 

A method of repairing an existing section of a wellbore casing within a 
30 borehole has been described that includes installing a tubular liner and a mandrel 

within the wellbore casing, injectingabodyofafluidic material into the borehole, 
pressurizing a portion of an interior region of the tubular liner, and radially 

^7 



expanding the liner in the borehole by extruding the liner off of the mandrel. In 
a preferred embodiment, the fluidic material is selected from the group consisting 
of slag mix, cement, drilling mud, and epoyy. In a preferred embodiment, the 
method fiirther includes fluidicly isolating an mterior region of the tubular liner 
5 from an exterior region of the tubular liner. In a preferred embodiment, the 
injecting of the body of fluidic material is provided at operating pressures and flow 

rates ranging from about 34.473 to 620.52813 bar (500 to 9,000 psi) and 151.4164 to 113562.355 
litres/minute (40 to 3.000 gallons/min). In a prcfencd embodiment, die injecting of the body of fluidic 
material is provided at reduced operating pressures and flow rates during an end portion of the extruding. 

10 Inaprefenredenibodiment,theflmdicnmterialisii\jectedbelow In 
a preferred embodiment, a region of the tubular liner below the mandrel is 
pressurized. In a preferred embodiment, the region of the tubular liner below the 

mandrel is pressurized to pressures ranging from about 34.473 to 620.52813 bar (500 to 9,000 psi). In a 

preferred embodiment^ the method further includes overlapping the tubular liner 

15 with the existing wellbore casing. In a preferred embodiment, the method further 
includes sealing the interface between the tubtilar liner and the existing wellbore 
casing. In a preferred embodiment, the method further includes supporting the 
extaruded tubular liner using the existing wellbore casing. In a preferred 
embodiment, the method further includes testing the integrity of the seal in the 

20 interface between the tubular liner and the existing wellbore casing. In a 
preferred embodiment, method further includes lubricating the surface of the 
mandrel. In a preferred embodiment, the method further includes absorbing 
shock. In a preferred embodiment, the method fiirther includes catching the 
mandrel upon the completion of the extruding. In a preferred embodiment, the 

25 method further includes expanding the mandrel in a radial direction. 

A tie-back liner for lining an existing wellbore casing has been described 
that includes a tubxilar liner and an annular body of a cured fluidic sealing 
material The tubular liner is formed by the process of extruding the tubular liner 
off of a mandrel. The annular body of a cured fluidic sealing material is coupled 

30 to the tubtdar liner. In a preferred embodiment, the tubular liner is formed by the 
process of placing the tubular liner and mandrel within the wellbore, and 
pressurizing an mterior portion of the tubular liner. In a preferred embodiment, 



during the pressurizing, the interior portion of the tubular liner is fluidicly isolated 
from an exterior portion of the tubular liner. In a preferred embodiment, the 
interior portion of the tubular liner is pressurized at pressures ranging from about 
34,473 to 620.52813 bar (500 to 9,000 psi). In a preferred crabodiincnt, the annular body of a cured fluidic 

5 sealing material is formed by the process of iz^ecting a body of hardenable fluidic 
sealing material into an annular region between the existing wellbore casing and 
the tubular liner. In a preferred embodiment, the tubular liner overlaps with 
another existing wellbore casing. In a preferred embodiment, the tie-back liner 
fiirther includes a seal positioned in the overlap between the tubular liner and the 
10 other exi st ing wellbore casing. In a preferred embodiment, tubular liner is 
supported by the overlap with the other giyig fing wellbore casing. 

An apparatus for emending a tubular member has been described that 
includes a support member, a mandrel, a tubular member, and a shoe. The 
support member includes a first fltiid passage. The mandrel is coupled to the 
15 support member. The mandrel includes a second fluid passage operably coupled 
to the fu^t fluid passage, an interior portion, and an exterior portion. The interior 
portion ofthe mandrel is drillable. The tubular member is coiqpled to the mandrel. 
The shoe is coupled to the tubular member. The shoe includes a third fluid 
passage operably coupled to the second fluid passage, an interior portion, and an 
20 exterior portion. The interior portion of the shoe is drillable. Preferably, the 
interior portion of the mandrel includes a tubular member and a load bearing 
member. Preferabfy, the load bearing member comprises a drillable body. 
Preferably, the interior portion ofthe shoe inchides a tubular member, and a load 
bearing member. Preferably, the load bearing member comprises a drillable body. 
Preferably, the exterior portion of the mandrel comprises an expansion cone. 
Preferably, the expansion cone is fabricated from materials selected from the group 
consisting of tool steel, titanium, and ceramic. Preferably, the expansion cone has 
a surface hardness ranging from about 58 to 62 Rockwell C. Preferably at least a 
portion ofthe apparatus is drillable. 

Although illustrative embodiments of the invention have been shown and 
described, a wide range of modification, changes and substitution is contemplated 
in tile foregoing disclosure. In some instances, some features of the present 



vention may be empktyed without a corre&pondizig use of the other features. 
Accordingiy, it is aiipropriate that the appended daims be construed broadly and 
in a manner consistent with the scope of the invention. 
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CLAIMS 



1. A method of creating a casing in a borehole located in a 
subterranean formation, comprising: 

instating a tubular liner and a mandrel in the borehole; 

injecting a fluidic material into the borehole; 

injecting the fluidic material through the mandrel; 

pressurizing a portion of an interior region of the tubular liner below the 
mandrel; and 

radially expanding at least a portion of the tubular liner in the borehole 
by extruding at least a portion of the tubular liner off of the mandrel. 

2. A method of creating a casing in a borehole located in a section 
of a subterranean formation, the borehole having an already existing casing, 
comprising: 

drilling out a new section of the borehole adjacent to the already existing 

casing; 

placing a tubular liner and an expandable mandrel into the new section 
of the borehole; 

overlapping the tubular liner with the already existing casing; 

injecting a hardenable fluidic sealing material into an annular region 
between the tubular liner and the new section of the borehole; 

fluidicly isolating the annular region between the tubular liner and the 
new section of the borehole from an interior region of the tubular liner below 
the mandrel; 

injecting a non hardenable fluidic material into the interior region of the 
tubular liner below the mandrel; 

extruding the tubular liner off of the expandable mandrel; 

sealing the overlap between the tubular liner and the already existing 

casing; 

supporting the tubular liner with the overlap with the already existing 

casing; 
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removing the mandrel from the borehole; 

testing the integrity of the seal of the overlap between the tubular liner 
and the already existing casing; 

removing at least a portion of the hardenable fluidic sealing material 
5 from the interior of the tubular liner; 

curing the remaining portions of the hardenable fluidic sealing material; 

and 

removing at least a portion of the cured hardenable fluidic sealing 
material within the tubular liner. 

3. An apparatus, comprising: 

a support member, the sq^port member including a first fluid passage; 
a mandrel coupled to the support member, the mandrel including: . 
a second fluid passage; 

a tubular member coupled to the mandrel; and 
a shoe coupled to the tubular member, the shoe including a third fluid 
passage; 

wherein the first, second and third fluid passages are operably coupled. 

4. An apparatus, comprising: 
a support member, the support member including: 
a first fluid passage; 
a second fluid passage; and 

a flow control valve coupled to the first and second fluid passages; 
an expandable mandrel coupled to the support member, the expandable 
mandrel including a third fluid passage coupled to the first fluid passage; 

a tubular meniber coupled to the mandrel, the tubular member including 
one or more sealing elements; 

a shoe coupled to the tubular member, the shoe including: 
a fourth fluid passage coupled to the third fluid passage, the fourfli fluid 
passage adapted to receive a stop member; and 
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one or more exhaust passages coiqjled to Ae fourth fluid passage for 
injecting fluidic mat«ial outside of the shoe; and » 

at least one sealing member coupled to fht support member, the sealing 
member adapted to prevent the entry of foreign material into an interior region 
of the tubular member. 

5. A method of joining a second tubular member to a first tubular 
member, the first tubular member having an inner diameter greater than an 
outer diameter of the second tubular member, comprising: 

positioning a mandrel withm an interior region of the second tubular 
member; 

pressurizing a portion of the interior region of the second tubular 
member below the mandrel by injecting a fluidic material into the second 
tubular member through the mandrel; and 

extruding the second tubular member ofif of the mandrel into 
engagement with the first tubular member. 

^' An apparatus, comprising: 

a support member including a first fluid passage; 

a mandrel coupled to the support member, the mandrel including: 

a second fluid passage operably coupled to the first fluid passage; 

an interior portion; and 

an exterior portion; 

wherein the interior portion of Ae mandrel is drillable; 

an expandable mbular member coupled to the mandrel; and 

a shoe coupled to the tubular member, flie shoe including: 

a third fluid passage operably coupled to the second fluid passage; 

an interior portion; and 

an exterior portion; 

wherein the interior portira of the shoe is drillable. 



The method of claim 1, wherein the injecting includes: 
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injecting hardenable fluidic sealing material into an annular region 
located between the borehole and the exterior of the tubular liner; and 

injecting non hardenable fluidic material into an interior region of the 
tubular liner below the mandrel. 

8. The method of claim 7, further con:q>rising: 

fluidicly isolating the annular region from the interior region before injecting 
the non hardenable fluidic material into the interior region. 

9. The method of claim 7, wherein the injecting of the hardenable 
fluidic sealing material is provided at operating pressures and flow rates 
ranging from 0 to 344.738 bar (0 to 5,000 psi) and 0 to 5618.12 litres/min (0 to 
1,500 gallons/min). 

10. The method of claim 7, wherein the injecting of the non 
hardenable fluidic material is provided at operating pressures and flow rates 
ranging from 34.473 to 620.52813 bar (500 to 9,000 psi) and 151.4164 to 
1 1356.2355 litres/min (40 to 3,000 gallons/min). 

11. The method of claim 7, wherein the injecting of the non 
hardenable fluidic material is provided at reduced operating pressures and flow 
rates during an end portion of the extruding. 

1 2. The method of claim 1 , wherein the portion of the tubular liner 
below the mandrel is pressurized to pressures ranging from 34.473 to 
620.52813 bar (500 to 9,000 psi). 

1 3. The method of claim 1 , further conqjrising: 

fluidicly isolating an interior region of the tubular liner from an exterior 
region of the tubular liner. 



14. The method of claim 13, wherein the interior region of the 
tubular liner isolated from the region to the tubular liner by inserting one or 
more plugs into the injected fluidic material 

1 5. The method of claim 1 , ftnther comprising: 
curing at least a portion of the fluidic material; and 

removing at least a portion of the cured fluidic material located within 
the tubular liner. 

1 6. The method of claim 1 , further conq>rising: 
overlapping the tubular liner with an existing wellbore casing. 

1 7. The method of claim 16, further comprising: 

sealing the overlap between the tubular liner and the existing wellbore 

casing. 

1 8. The method of claim 1 7, further comprising: 

supporting the extruded tubular liner using the overlap with the existing 
wellbore casing. 

19. The method of claim 17, further comprising: 

testing the integrity of the seal in the overiap between the tubular liner 
and Ae existing wellbore casing. 

20. The method of claim IS, further comprising: 

removing at least a portion of the hardenable fluidic sealing material 
within the tubular liner before curing. 

2 1 . The method of claim 1 , further comprising: 
lubricating the surface of the mandrel. 



22. The method of claim 1 , further comprising: 

-7f 



( 



absorbing shock. 



23 . The method of claim I , further comprising: 
catching the mandrel upon the completion of the extruding. 

5 

24. The method of claim 1 , further con5)rising expanding the 
mandrel in a radial direction. 

25. The method of claim 1, further including: 
1 0 drilling out the mandrel. 

26. The method ofclaiml, further including: 
supporting the mandrel with coiled tubing. 

15 27. The method of claim 1 , wherein the wall thickness of the tubular 

liner is variable. 

28 . The method of claim 1 , wherein the mandrel is coupled to a 
drillable shoe. 

20 

29. The apparatus of claim 3, wherein the support member further 
includes: 

a pressure reUef passage; and 

a flow control valve coupled to the first fluid passage and the pressure 

2 5 relief passage. 

30. The apparatus of claim 3, wherein the support member further 
includes a shock absorber. 

3 0 31. The apparatus of claim 3, wherein the support member includes 

one or more sealing members adapted to prevent foreign material from entering 
an interior region of the tubular member. 



32. The apparatus of claim 3, wherein the support member includes 
one or more stabihzers. 

33. The apparatus of claim 3, wherein the mandrel is expandable. 

34. The apparatus of claim 3, wherein the tubular member is 
fabricated from materials selected from the group consisting of automotive 
grade steel, plastic and chromium steel. 

35. The apparatus of claim 3, wherein the tubular member has inner 
and outer diameters ranging from 1 .905 to 1 19.38 cms (0.75 to 47 inches) and 
2.667 to 121.92 cms (1 .05 to 48 inches), respectively. 

36. The apparatus of claim 3, wherein the tubular member has a 
plastic yield point ranging from 275.9028 to 9307.92195 bar (40,000 to 
135,000 psi). 

37. The apparatus of claim 3, wherein the tubular member includes 
one or more sealing members at an end portion. 

38. The apparatus of claim 3, wherein the tubular member includes 
one or more pressure relief holes at an end portion. 

39. The apparatus of claim 3, wherein the tubular member includes a 
catching member at an end portion for slowing down movement of the mandrel. 

40. The apparatus of claim 3, wherein the shoe includes: 

a fluid conduit coupled to the third fluid passage, the fluid conduit 
adapted to receive a plug for blocking the fluid conduit. 
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41 . The apparatus of claim 3, wherein the support member comprises 
coiled tubing. 

42. The apparatus of claim 3, wherein the shoe includes one or more 
exhaust passages coupled to the third fluid passage for injecting fluidic material 
outside of the shoe. 

43. The apparatus of claim 3, further comprising at least one wiper 
plug removably coupled to the mandrel. 

44. The apparatus of claim 43, wherein the wiper plug mcludes a 
fluid passage operably coupled to the second fluid passage. 

45. The apparatus of claim 3, wherein at least a portion of the 
mandrel and shoe are drill able. 

46. The apparatus of claim 3, the wall thickness of the tubular 
member in an area adjacent to the mandrel is less than the wall thickness of the 
tubular member in an area that is not adjacent to the mandrel. 

47. The method of claim 5, wherein the pressurizing of the portion of 
the interior region of the second tubular member is provided at operating 
pressures ranging from 34.473 to 620.52813 bar (500 to 9,000 psi). 

48. The method of claim 5, wherein the pressurizing of the portion of 
the interior region of the second tubular member is provided at reduced 
operating pressures during a latter portion of the extruding. 

49. The method of claim 5, further comprising: 

sealing the interface between the first and second tubular members. 



50. The method of claim 5, further comprising: 



supporting the extruded second tubular member using the interface with 
the first tubular member. 

5 1 . The method of claim 5, further con^rising: 
5 lubri eating the surface of the mandrel. 

52. The method of claim 5, further comprising; 
absorbing shock. 

10 53. The method of claim 5, further comprising: 

expanding the mandrel in a radial direction. 

54. The method of claim 5, further comprising: 
positioning the first and second tubular members in an overlapping 

15 relationship. 

55. The method of claim 5, further con^rising: 

fluidicly isolating an interior region of the second tubular member firom 
an exterior region of the second tubular member. 

20 

56. The method of claim 55, wherein the interior region of the 
second tubular member is fluidicly isolated fi-om the region exterior to the 
second tubular member by injecting one or more plugs into the interior of the 
second tubular member. 

25 

57. The method of claim 5, wherein the pressurizing of the portion of 
the interior region of the second tubular member is provided by injecting a 
fluidic material at operating pressures and flow rates ranging fi-om 34.473 to 
620.52813 bar (500 to 9,000 psi) and 151.4164 to 11 356.2355 litres/minute (40 

30 to 3,000 gallons/minute). 



58. The method of claim 5, further comprising: 
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injecting fluidic material beyond the mandrel. 

59. The method of claim 5, wherein the region of the tubular liner 
beyond the mandrel is pressurized to pressures ranging from 34.473 to 
620.5281 3 bar (500 to 9,000 psi). 

60. The method of claim 5, wherein the first tubular member 
comprises an existing section of wellbore. 

6 1 . The method of claim 5, further comprising: 

supporting the extruded second tubular member using the first tubular 
member. 

62. The method of claim 49, further comprising: 

testing tfie integrity of the seal in the interface between the first tubular 
member and the second tubular member 

63. The method of claim 5, further comprising: 
catching the mandrel upon the completion of the extruding. 

64. The method of claim 5, further comprising: 
drilling out the mandrel 

65. The method of claim 5, further comprising: 
supporting the mandrel with coiled tubing. 

66. The method of claim 5, further comprising: 
coupling the mandrel to a drillable shoe. 

67. The apparatus of claim 6, wherein the interior portion of the 
mandrel includes: 

a tubular member; and 

to 



a load bearing member. 



68. The apparatus of claim 67, wherein the load bearing member 
comprises a drillable body. 

5 

69. The apparatus of claim 6, wherein the interior portion of the shoe 
includes: 

a tubular member, and 
a load bearing member. 

10 

70. The apparatus of claim 69, wherein the load bearing member 
comprises a drillable body. 

71 . The apparatus of claim 6, wherein the exterior portion of the 
1 5 mandrel comprises an expansion cone. 

72. The apparatus of claim 7 1 , wherein the expansion cone is 
fabricated from materials selected from the group consisting of ceramic, tool 
steel, titanium and low alloy steel. 

20 

73. The apparatus of claim 71 , wherein the expansion cone has a 
surface hardness ranging from about 58 to 62 Rockwell C. 

74. The apparatus of claim 6, further comprising: 

2 5 one or more wiper plugs coupled to the mandrel 

75. The apparatus of claim 74, wherein the wiper plug includes a 
fluid passage fluidicly coupled to the second fluid passage. 

3 0 76. The apparatus of claim 6, wherein the support member comprises 

coiled tubing. 
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77. The me&od of claim 1, wherein the intefacc between tiie 
mandrel and the tubular liner is not fluid tight 

78. The method of claim 2, wherein the intaface between the mandrel 
and the tubular liner is not fluid tight. 

79. The apparatus of claim 4, wherein the interface between the 
tubular member and the expandable mandrel is not fluid tight. 

80. The method of claim S» wherein the interface between the second 
tubular member and the mandrel is not fluid ti^t 

81. The apparatus of claim 6, wherein the interface between the 
mandrel and the tubular member is not fluid tight 

82. An apparatus, comprising: 

a support member defining a first fluid passage; 
an expansion mandrel coupled to the support member including an outer 
expansion surface and defining a second fluid passage; 

a tubular liner coupled to the expansion mandrel; and 

a shoe coupled to the tubular liner defining a third fluid passage; 

wherein the first, second and third fluid passages are operably coupled; 

and 

wherein the interface between the tubular liner and the expansion 
mandrel is not fluid ti^t. 

83. The apparatus of claim 82» wherein the 
si^port member further includes a shock absorber. 




84. The apparatus of claim 82, wherein the support member includes 
one or more sealing members adapted to prevent foreign material from entering 
an interior region of the tubular liner. 

5 85 . The apparatus of claim 82, wherein the support member includes 

one or more stabilizers. 

86. The apparatus of claim 82, wherein the expansion mandrel is 
expandable. 

10 

87. The apparatus of claim 82, wherein the tubular liner is fabricated 
from materials selected from the group consisting of automotive grade steel, 
plastic and chromium steel. 

15 88. The apparatus of claim 82, wherein the tubular liner has inner 

and outer diameters ranging from 1.905 to 1 19.38 cms (0.75 to 47 inches) and 
2.667 to 121.92 cms (1.05 to 48 inches), respectively. 

89. The apparatus of claim 82, wherein the tubular liner has a plastic 
2 0 yield point ranging from 275.9028 to 9307.92195 bar (40,000 to 135,000 psi). 

90. The apparatus of claim 82, wherein the mbular liner includes one 
or more sealing members at an end portion. 

2 5 91. The apparatus of claim 82, wherein the tubular liner includes one 

or more pressure relief holes at an end portion. 

92. The apparatus of claim 82, wherein the tubular liner includes a 
catching member at an end portion for slowing down movement of the 

3 0 expansion mandrel 
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93. The apparatus of claim 82, wherein the shoe further defines an 
fluid conduit coupled to the third fluid passage, the fluid conduit adapted to 
receive a plug for blocking the fluid conduit. 

5 94. The apparatus of claim 82, wherein the support member 

comprises coiled tubing. 

95. The apparatus of claim 82, wherein the shoe includes one or 
more exhaust psissages coupled to the third fluid passage for injecting fluidic 
1 0 material outside of the shoe. 



96. The apparatus of claim 82, fiirther comprising at least one wiper 
plug removably coupled to the expansion mandrel. 

1 5 97. The apparatus of claim 96, wherein the wiper plug defines a 

fourth passage operably coupled to the second fluid passage. 

98. The apparatus of claim 82, wherein at least a portion of the 
expansion mandrel and shoe are drillable. 

20 

99. The apparatus of claim 82, the wall thickness of the tubular liner 
in an area adjacent to the expansion mandrel is less than the wall thickness of 
the tubular liner in an area that is not adjacent to the expansion mandrel. 



25 1 00. The apparatus of claim 82, wherein third fluid passage defined by 

the shoe comprises one or more radial passages defined by the shoe. 

101. The apparatus of claim 82, further comprising a packer coupled 
to the shoe. 

30 

102. The apparatus of claim 82, wherein the wall thickness of a 
portion of the tubular liner above Ae expansion surface of the expansion 



mandrel is greater than the wall thickness of a portion of the tubular liner below 
the expansion surface of the expansion mandrel. 

103 . An apparatus, comprising: 
5 a support membo- defining a first fluid passage; 

an expansion mandrel coupled to the support member including an outer 
expansion surface and defining a second fluid passage; 
a tubular liner coupled to the expansion mandrel; 
a shoe coupled to the tubular liner defining a third fluid passage; and 
10 a packer coined to the shoe; 

wherein the first, second and third fluid passages are operably coupled. 

104. An apparatus, comprising: 
a support member defining a first fluid passage; 
15 an expansion mandrel coupled to the support member including an outer 

expansion surface and defining a second fluid passage; 

a tubular liner coupled to the expansion mandrel; and 

a shoe coupled to the tubular liner defining a third fluid passage; 

wherein the first, second and third fluid passages are operably coupled; 

20 and 

wherein the third fluid passage defined by the shoe comprises one or 
more radial passages. 

105. An apparatus, comprising: 
a support member defining a first fluid passage; 
an expansion mandrel coupled to the support member including an outer 
expansion surface and defining a second fluid passage; 

a tubular liner coupled to the expansion mandrel; and 
a shoe coupled to the tubular hner defining a thini fluid passage; 
wherein the first, second and third fluid passages are operably coupled; 

and 
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wherein the wall thickness of a portion of the tubular liner above the 
expansion surface of the expansion mandrel is greater than a wall thickness of a 
portion of the tubular liner below the expansion surface of the expansion 
mandrel. 
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